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PREFACE

The Engineering Design Handbook Series of the Army Materiel
Command is a coordinated scries of handbooks containing basic
information and fundamental data useful in the design and develop-
ment of Army materiel and systems. The handbooks are authorita-
tive reference books of practical information and quantitative facts
helpful in the design and development of Army materiel.

This handbook presents genecral technical and operational air
transport and airdrop requirements and also provides detailed air-
drop design criteria. The data and information compiled in this
handbook represent the present state-of-the-art. The data and infor-
mation will be revised as new knowledge becomes available through
rescarch, test, and experience.

In the past, airdrop requirements usually were given considera-
tion after the design of an item had been completed and test proto-
types fabricated. The item was then adapted to the airdrop environ-
ment by utilizing the available provisions and structural members,
supplemented by field modifications. Occasionally, the basic design
was such that suitable field modifications could not be accomplished
and the item was determined incapable of being airdropped.

This handbook has been prepared as an aid to enginecers design-
ing equipment or systems for air transport and airdrop, to insure
that capability for air transport and airdrop is incorporated into the
basic design. Since materiel developed €or air transport or airdrop
must meet the limitations imposed by the characteristics of the air-
craft, a chapter has been included on the statistical/logistical data
d Army and Air Force aircraft which are required to air transport
or airdrop Army equipment. Certain commercial aircraft which may
be utilized to air transport equipment are also included.

This handbook was prepared by Hayes International Corpora-
tion under subcontractto the Enginecering Handbook Office of Duke
University, prime contractor to the Army Research Office - Durham,
for the Engineering Design Handbook Series. The information ap-
pearing in this handbook was prepared from numerous reports,
publications, specifications, and standards. The preparation o this
handbook was under the technical guidance of a committee whose
membership was comprised of representatives of the Maintenance
Directorate, Headquarters U. S. Army Materiel Command, U. S.
Army Aviation Materiel Command, U. S. Army Natick Laboratories,
U. S. Army Tank-Automotive Command, U. S. Army Test and
Evaluation Command, Edgewood Arsenal, Engineer Research and
Development Laboratories, Frankford Arsenal and Picatinny Arse-
nal. Noteworthy contributions were made by the members o this
committee whose chairman was Mr. C. W. Wright, representative of
the U. S. Army Aviation Materiel Command.

Comments and suggestions on this handbook are encouraged
and should be addressed to Army Rescarch Office-Durham, Box
CM, Duke Station, Durham, North Carolina 27706.
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CHAPTER 1
INTRODUCTION TO THE PROBLEM

1—1 GENERAL

The increased mobility requirements of
today’s Army have created a demand for
resupply that can be attained only through
the use o aircraft. Due to the large quan-
tities of supplies and equipment requiring
delivery by aircraft, the old method of
adapting an item to air transport and,or
airdrop after the item design is completed
is no longer adequate. The necessary ficld
modifications and the loading problems
inherent with that method create excessive
man-hour requirements and serve to limit
the attainable mobility. It has thercfore
become necessary that the capability for
air transport and airdrop be incorporated
into the basic design of materiel having an
air transport or airdrop requirement.

In order to utilize available air transport
facilities most effectively and economically,
there must exist a close relationship be-
tween the military characteristics of items
o equipment required to be moved by air
and the numbers and types of aircraft which
can be provided to move them. The devel-
opment of materiel for air transport and/or
airdrop must be related to those aircraft
which will be in service at the time of its
introduction and for a reasonable time
thercafter. It is obviously not feasible to
design all items requiring air ,transport
and/or airdrop against the limitations of
dimensions and weight imposed by the
cargo capability of the most advanced type
of aircraft available. To do so would elimi-
nate the use of many aircraft which, though
less advanced, are still operational arid
have an air transport and/or airdrop capa-
bility.

1= THE PROBLEM OF DESIGNING MATE-
REL FOR AR TRANSPORT

Materiel developed for air transport in
Air Force aircraft must meet all limitations

imposed by the characteristics of aircraft
used in these types of operations. Materiel
developed for air transport by Army air
craft must meet the requirements imposed
by the characteristics of Army aircraft and
helicopters, as well as those imposed by
Air Force aircraft. All clearance require-
ments must be complied with, including
angles of approach and departure for
wheeled or tracked vehicles. Tiedown pro-
visions of an item must be compatible with
the tiecdown devices and fittings provided
in the maximum number of aircraft that
might transport that item, including
strengths conforming with applicable
restraint criteria.

1—3 THE PROBLEM OF DESIGNING MATE-
REL FOR ARDROP

Matericl developed for airdrop must be
designed to meetthe requirements imposed
by the characteristics and capabilities of
the airdrop system with which they will be
used. This includes size and weight require-
ments and requirements for tiedown, ex-
traction, and suspension provisions. The
materiel must be able to withstand the
environments created during each phase of
airdrop, and the sum of the environments
created by all phases. Materiel which is
airdropped to combat forces must be capa-
ble of immediate effective employment.

1—4 THS HANDBOOK

The requirements necessary to insure
an air transport and/or airdrop capability
for materiel have been compiled in this
handbook. The equipment and systems
used in air transport and airdrop have been
described, including current methods of
loading and securing materiel to the air-
drop system and within the aircraft. Each
phase o airdrop has been analyzed to pre-
sent the environments cncountered by
matericl during airdrop. Air transport and

14
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airdrop characteristics and capabilities
have been given for Army and Air Force
aircraft which are required to transport or

1-2

airdrop Army cquipment, and for certain
commercial aircraft which may be utilized
to air transport ecquipment.
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CHAPTER 2
DESIGN CONSIDERATIONS FOR AR TRANSPORT OF MATEREL

SECTIONI
METHODS OF CARGO TIEDOWN

24 GENERAL

Cargo in an aircraft is subjected to
forces resulting from rough air, rough land-
ings, crash landings, and extreme aircraft
attitudes. These forces tend to move cargo
aft, forward, to either side (laterally), or
up from the cargo floor (vertically). The
required restraint that must be used to
keep cargo from moving forward is called
FORWARD RESTRAINT. Aft, lateral, and
vertical restraint are similarly named.
Restraint criteria are established for each
aircraft. Chapter 4 contains the restraint
criteria for thosc aircraft required to air
transport Army materiel. Internal cargo
restraint criteria for Army fixed-wing and
rotary-wing aircraft are contained in
AR 705-357.

To provide adequate restraint, it is
necessary to know how great the forces
acting upon the cargo arec likely to be, and
the strength that can be expected from the
tiecdown devices. The required restraint for
a cargo load is then determined by mul-
tiplying the weight of the cargo by the
restraint factor expressed in units of grav-
ity or “‘g’s’’ for cach direction of required
restraint. This may be stated as WEIGHT
X RESTRAINT FACTOR = REQUIRED
RESTRAINT. Example: A unit of cargo
weighing 5000 pounds is to be air trans-
ported, and the restraint factors for the
particular aircraft, for example the C-130,
are:

Forward 8¢g’s
Aft 1.5g’s
Vertical 2g’s
Lateral 1.5g’s

*Superscript numbers refer to References at the end of this
Handbook.

The minimum required restraints would be
determined by use of the formula:

Weight x Restraint = Required

Factor Restraint

= 40,000
pounds
forward

= 7500
pounds
lateral
and aft

= 10,000
pounds
vertical

5000 pounds x 8¢g’s

5000 pounds x 1.5g’s

5000 pounds x 2g’s

Tiedown devices are provided with cach
aircraft to securc cargo to the cargo com-
partment floor and to provide the required
restraint to prevent cargo movement. Each
tiedown device is rated to withstand a
specific load or force’. However, the effec-
tive holding strength of a device is deter-
mined by the rated strength of the device
and the manner in which it is employed.
The details o securing each cargo item
vary with its bulk, weight, configuration,
location in the aircraft, and whether or not
it is equipped with tiedown provisions. Gen-
erally, restraint and reaction loads are
minimal when materiel is located at the cg
of the aircraft. Procedures for loading
cquipment and supplies which are to be air
landed in U. S. Army and U. S. Air Force
aircraft are contained in TM 55-450-9%

22 EFFECT OF APPLYING RESTRAINT AT
ANGLES

Every tiedown device is rated to with-
stand a force exerted parallel to the tie-
down device as shown in view 1 of Fig. 2—1.
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LONGITUDINAL

VIEW 2

VERTICAL

LATERAL

FIGURE 2-1. CARGO RESTRAINT

When one end of a device is secured to a
fitting on the cargo floor, the longitudinal
(fore and aft) force will not be exerted
parallel to the length of the device unless
the device is attached to the cargo as
shown in view 2. If so attached, all the
rated strength will be available to prevent
the cargo from moving in the direction of
the longitudinal arrow.
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Since vertical restraint is not provided
with tiedowns fastened as illustrated in
views 1 and 2, tiedowns are usually
attached at some point above the cargo
floor. With the device attached as shown in
view 3, approximately 87 percent of the
device’s rated strength prevents longitudi-
nal movement and 50 percent prevents
vertical movement; however, no lateral




restraint is provided. A compromise POSsi-
tion, as shown in view 4, generally pro-
vides restraint simultaneously in four direc-
tions: forward, aft, vertical, and lateral.

Tiedown devices attached to a load ata
point above the floor form three angles
(view 4, Fig. 2—1) that can be measured.
These angles are: a floor angle (BAC), a
longitudinal plan angle (ACA’), and a
lateral plan angle (ACC’). (The term plan
angle is used to designate an angle which
would be reflected asa true angle in a plan
view.) The floor angle (sometimes referred
to as the vertical angle) is the angle be-
tween the tiedown device and the floor. The
longitudinal plan angle is the angle be-
tween the tiedown device (A, view 4) and
a line (A’) which runs fore and aft through
point C. The lateral plan angle is the angle
between the tiedown device and a line (C’)
which runs across the cargo compartment
through point C. The longitudinal plan
angle and the lateral plan angle are com-
plementary angles.

Tiedown devices attached at floor and
longitudinal plan angles o 30 degrees pro-
vide the best compromise for adequate
restraint of cargo in all directions. Fre-
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quently, 30-degree angles cannot be used.
In these cases, tiedowns are placed as
close to a 30-degree angle as possible. In-
creasing the floor angle while keeping con-
stant plan angles will provide a higher
value of vertical restraint, but will reduce
the amount of longitudinal and lateral re-
straint. Keeping the same floor angle but
changing the plan angles will not affect the

vertical restraint, but will affect the longi-
iatinh and lateral restraint.

Table 24 lists the percentages of rated
ticdown strength available for vertical,
longitudinal, and lateral restraint available
at tiedown angles from 5 to 85 degrees.

23 CARGO TIEDOWN

The use o tiedown devices to restrain
all types of cargo generally follows similar
patterns because of the tiedown fitting pat-
tern on the cargo compartment floor.
Similar methods are used to restrain all
types o cargo, since the basic purpose in
cach casc is to prevent cargo from moving.
However, the details o restraining each
cargo item vary with its bulk, weight, con-
figuration, and whether it is equipped with

FIGURE 2-2, TIEDOWNANGLES FOR CARGO WITH TIEDOWN PROVISIONS
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TABLE 2-1.

PERCENTAGE RESTRAINT CHART

NOTE: 1.

Angles across the top arc thosc formed between the ticdown device and the cabin floor.
Angles down the side are those formed between the tiedown device and the longitudinal
Vertical restraint is related only to the angle between the ticdown deviee and the cabin
angle has no bearing on it.

The toned arca indicates the '"'best compromise®” position.

axis of the aircraft.

floor. The latcral

5 1¢* I5° o ) 35° 40° 45° 50" $5° | &0° 55° 70" 76" 80" | 86"
VERTICAL*| 87 |[17.4125.9 | 342 423 60.0 | 57.4 [64.3 | 70.7176.6 {81.9 |86.6 [90.6 |93.9 |96.6 | 98.6 [99.6
50 LONG. 99.2 {98.1 |95.2 | 936 90.2 86.3 | 81.6 | 76,3 |70.4 | 64.0 | 657.2 |49.8 | 42.1 | 341 | 26.8 | 17.3 8.7
LAT 87 8.6 8.4 ) ) 7.1 5.7 5.2 5.6 4.4 2.9 2.3 1.5 0.8
10° LONG. 98.1 | 97.0 |95.2 92.6*78“9.2 T 856.3 | 80.7 {75.5 |69.6 } 63.3 665 493 41.7 !33,7|25.5|17.1 8.6
LAT 17.3-117.1 1 16.8 | 16.6 ) 16.8 N 161 | 14,3 | 13.3 [12.3 | 11.2 4.9 8.7 5.9 4.5 3.0 1.5
. LONG. 96.2 | 95.2 [ 93.3 | 90.8 | 875 83.7 | 791 | 739 [683 }621 |564 |483 1409 |33.0| 250 |16.8 8.4
' LAT 26.8 | 25.5 { 25.0 | 24.3 | 235 224 | 21.2 [ 19.8 | 183 | 16.7 | 14,9 | 129 {10.9 8.9 6.7 4.5 2.3
LONG. 93.6-192.6 190.8 | 88.4 | 85.2 81.4 {76.9 1.72.0 | 66.6 | 60.4 | 53.9 [47.0 } 39.8 | 32.1 | 24.3 | 16.6 | 8.2
2 LAT 34.1 | 33.7 { 33.0 | 32.1 | 30.9 29.6 | 28.0 [26.2 |24.2 j 21.9 | 196 |17.17| 146 | 11.7 8.9 5.9 2.9
. LONG. 90.2 | 89.2 | 87.5| 86.2 | 82.1. 785 | 74.2 | 69.4 | 641 | 583 |62.0 |463 |383 | 30.9|23.5| 15.8| 7.9
% LAT 421 |41.7 1409 | 39.8 | 383 36.6 | 34.6 [324 }299 |27.2 | 243 |11.2 | 179 | 14.5 | 10.9 7.4 3.7
300 LONG. 86.3 | 85,3 | 83.7 | 81.4 | 78.5 H 66.3 | 61.2 | 65.7 | 49.7 |43.3 |36.6 | 29.5] 22.4 | 15.1 7.5
LAT 49.8 | 49,3 | 48.3 | 47.0 | 45.3 383 | 354 1322 {287 |26.0 |21.2 |{17,1 | 12.9 8.7 4.4
350 LONG. 81.6 | 80.7 [ 79.1 | 76,9 | 74.2 627 | 67.9 | 52.7 | 47.0 | 40.9 | 34.6 | 28.0 { 21.Z | 14.3 7.1
LAT 67.2 | $6.5 | 55.4 | 3.9 152.0 49.7 | 47.0 143.9 140.6 | 35.9 | 32.9 | 28,7 | 24.3 | 19.5 | 149 9.9 4.9
. LONG. 76.3 | 76.6 173.9 | 72.0 | 69.4 56,3 | 62.7 | 58.7 |654.2 | 49,3 { 43,9 [38.3 | 32.4 | 26.2 | 19.8 | 133 6.7
LAT 64.0 | 63.3 | 62.1 | 60.4 | 58.3 55.7 | 62.7 | 49.3 456 | 413 | 36,9 [32.2 | 27.2 1 2).9 | 16.7 | 11.2 6.6
. LONG. 704 | 69.5 | 58.3 | 66.5 | 64.1 61.2 | 67.9 [54.2 | 49.9 | 45.5 | 40.6 | 35.4 [ 29.9 | 24.2 ] 18.3 | 12.3 6.2
‘8 LAT 704 | 69.5 | 68.3 | 66.5 | 64.1 51.2 | 67.9 | 54.2 {499 | 45.5 |1 40.56 | 35.4 [ 29,9 (24,2 | 183 | 123 6.2
50° LONG. 64.0 | 63.3 | 62.1 | 604 | 58.3 55.7 | 62.7 [49.3 |45.6 | 41,3 | 36,9 |32.2 | 27,2 | 21.9 | 16.7 | 11.2 6.6
LAT 76.3 | 75.5}73.9 | 72.0 | §9.4 66.3 | 62.7 | 58.7 | 542 | 49.3 | 43.9 [38.3 | 32.4 | 26.2 | 198 | 13.3 6.7
55 LONG. 67.2 | 56.5|55.4 | 63,9 | 52.0 49.7 | 47.0 | 43.9 | 40.6 | 36.9 | 32,9 (28,7 | 24.3 | 19.5 | 149 9.9 4.9
LAT 81.6 | 80.7 | 79.1 | 76.9 | 74.2 70.9 | 67.1 | 627 |67.9 | 52,7 | 47.0 [ 40,9 | 34.5 | 28,0 | 21.2 | 143 741
LONG. 49.8 | 49.3148.3 | 47.0 | 45.3 43,3 [ 40.9 | 38.3 | 35.4 | 32.2 128.7 125.0 121.2 | 171

5 LAT 86.3 | 85.3183.7 (81,4 | 78.5 74,9 1 70.9 | 66.3 | 651.2 | 557 497 433 36.6 | 29.6 224 16.1
. LONG. 42,1 | 41.7 | 40.9 | 39.8 | 38.3 36.6 | 34.56 | 32,4 [29.9 |27.2 243 212 179 | 145 | 18.9 8.7 4.4
o LAT 90.2 | 89.2 | 87.5 | 85.2 | 82.1 78,5 | 74.2 | 69.4 | 64.1 | 68.3 62.0 453 38.3 ) 30.9 | 23.6 | 1568 7.5
. LONG. 34.1. | 33.7 | 33.0 | 32.1 | 30.9 29.6 | 28.0 |26.2 {24.2 | 21.9 196 17.1 145 | 11.7 8.9 8.9 A
° LAT 936'| 92.690.8 | 88.4 | 85,2 81,4 | 76.9 | 72.0 | 65.5 | 60.4 | 53.9 I47.(') 39.8 | 32.1 [ 243 | 166 2.9
. LONG. 268 | 25.5]25.0 | 24,3 | 23.5 22,4 | 21.2 {19.8 | 18.3 1 16.7 | 14,9 {129 | 10.9 8.9 6.7 4.6 2.3
i LAT 96.2 | 95.2|93.3 | 90.8 | 87.5 83.7 | 79.1 | 73.9 | 68,3 | 62,1 | 55.4 |48.3 | 40.9 | 33.0 | 26.0 | 16.8 8.4
LONG. 17.3-] 17.1 116.8 | 16.6 | 16.8 16.1 | 143 113.3 | 123 | 11.2 9.9 8.7 7.4 5.9 46 3.0 1.6
e LAT 98.1]97.0 195.2 | 926 | 89.2 85.3 | 80.7 176.5 169.6 | 63.3 | 656.6 |49.3 | 41.7 | 33.7 | 266 | 171 8.6
85’ LONG. 8.7] 8.6 84 8.2 7.9 7.6 7.1 6.7 6.2 5.6 4.9 4.4 3.7 2.9 2.3 1.6 0.8
LAT 99,21 98.1 | 96.2 | 93.6 190.2 86.3 | 816 |76.3 | 70.4 | 64.0 167.2 149.8 142.1 | 34.1 | 26.8 | 17.3 8.7
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tiedown provisions. Detailed design re-
quirements of tiedown fixtures required for
military equipment for air transport are
contained in MIL-STD-20942. Design pro-
visions for materiel designed for airdrop
are contained in MIL-STD-814A3.

2—3.1 CARGO WITH TIEDOWN PROVISIONS. When
a ticdown device is attached directly to a
cargo unit, restraint can be applied simul-
tancously for more than one load direction
by varying the angle of attachment. Some
items of equipment and general cargo are
designed with suitable points to which car-
go tiedown devices can be attached, as
shown in Fig. 2—2. The 30-degree angle
o tie should be used when possible.

2-3.2 CARGO WITHOUT TIEDOWN PROVISIONS.
This type of cargo is restrained by passing
the tiedown device over the cargo and
attaching it to predetermined tiedown fit-
tings in the cargo floor (Kig. 2—3). The tie-
down device genecrally should be as short
as possible and follow as closely as possi-
ble the contour of the cargo it is securing
to minimize slippage. When tiedown devices
arc passed over cargo in the forward and
aft direction, the tiedown device should be

v
‘?

NOTE:
STRAP X HOLDS STRAP Y IN THE
DESIRED POSITION.

FIGURE 2-3. TIEDOWN ANGLES FOR CARGO WITHOUT
TIEDOWN PROVISIONS
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as close to 90 degrees as the floor fitting
will permit. However, the tiedown angle of
any additional devices on the aft side of
the cargo should be as near 45 degrees as
possible, to obtain added restraint against
any tendency the cargo may have to tumble
forward. This procedure is particularly
important when tying down tall items and
composite cargo loads consisting of several
boxes stacked on top o cach other. In
arranging composite loads, cargo should
not be stacked so that it will be top-heavy
(Fig. 2—4). The height o a composite load
should not be greater than its length in the
longitudinal direction. When the cargo to
be transported consists of more than one
item, it may be possible to restrain it by
the use of a cargo net or nets (Figs. 2—5
and 2—6). Exercise caution when using
nets to seccure nonpalletized composite
loads, since concentrated loads may crush
lighter cargo against the net or against
other cargo. Concentrated units must be
attached to the cargo floor with tiedown
devices. Lighter cargo can be placed
around them and the net placed over the
complete load.

2—3.3 UNCRATED CARGO. Figurec 2—7 shows
the method of tying down various types of
long, uncrated, slender cargo items such
as pipe, bar stock, construction steel, and
I-beams.

234 CYLINDRICAL CARGO. Figure 2 - 8 illus-
trates the method of tying down cylindrical
cargo items.

2—4 SHORING

Shoring is lumber, planking, or similar
material used for weight spreading, load
support, and protection of aircraft floors.

2—4.1 WEIGHT SPREADING EFFECT. In genecral,
shoring will increase the arca over which
a load is distributed to the arca developed
by extending a line, drawn downward and
outward from the outside line of contact of
the load, at an angle of 45 degrees, until it
intersects the surface on which the shoring
rests (Fig. 2—9)¥
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NOTE:

ﬁ 5000 - LB TIEDOWN RINGS

WHEN A STRIP IS TIED BETWEEN TWO FITTINGS OF UNEQUAL STRENGTH,

THE RESTRAINT OBTAINED IS THE STRENGTH OF THE WEAKER FITTING.

FIGURE 2-4. TYPICAL COMPOSITE LOAD SECURED WITHTIEDOWN-DEVICES

FIGURE 2-5. CARGOSECURED WITH A-2 CARGONET

2—6

2—4.2 NEED FOR SHORING. In determining the
need for shoring for a given load, only the
area of contact with the floor is considered.
In calculating the contact arca for rectan-
gular-shaped loads, the width of the item
1s multiplied by the length. As an example
d load spreading, in Fig. 2—9, assume that
the plank is 2 inches thick, and the box
is 12 inches long by 6 inches wide. The
area of contact between the box and the
plank will be 72 square inches. Now extend
imaginary planes downward and outward
from the edges of the bottom of the box at
angles d 45 degrees. Where these imagi-
nary planes intersect the cargo floor, the
area of contact will be 10 by 16 inches, or
160 square inches. In this case, the area
o contact has been more than doubled, or
an increase of 122 percent, but the propor-
tioned increase will not always be so great.
When 2-inch thick shoring is used, the arca




STRAPS AROUND MC-1 TIEDQWN DEVICE

STACK

1=
=l

MC-1 TIEDOWN DEVICE

1 STACK CARGO IN TIEDOWN POSITION.

2 UNFOLD MA-2 OR MA-3 CARGO NET
AND ATTACH FIXED STRAPS TO
TIEDOWN RINGS.

3 ADJUST POSITION OF NET TO
REMOVE SLACK FROM FIXED STRAPS
AND FOLD CORNERS SNUGLY AROUND
STACK.

— . 72 é’ ’v/
i RN 'WIAW%
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NET PREVENTS
MOTION

C-2TIEDOWMN DEVICE

NOTE:

WHEN CARGO IS STACKED CLOSE
TO FUSELAGE WALL, PRE-POSITION
CARGO NET AND SECURE TO FUSE-
LAGE WALL AS SHOWN. AFTER CAR-
G O IS STACKED, SECURE NET.

SACKED CARGO

4 ATTACH ADJUSTABLE STRAPS TO
TIEDOWN FITTINGS AND TIGHTEN
TO SECURE CARGO.

5 PROVIDE FORWARD RESTRAINT
WITH C-2 AND MC-I TIEDOWN DEVICES
AS SHOWN.

6 TO RELEASE NET, REVERSE
ATTACHMENT PROCEDURE.

FIGURE 2-6. CARGOSECURED WITH MA-2 AND MA-3 CARGO NETS

over which the load is distributed is cn-
larged by a border 2 inches wide all around
the area of contact of the load and the
shoring. This border is as wide as the
shoring is thick. Thus, if the shoring is 1
inch thick, the load bearing border added
1s 1 inch wide. If it is 3 inches thick, the
load bearing border added is 3 inches wide,
ctc. However, as a gencral rule, the use of
shoring more than 4 inches thick is not

practical. The relation between the width
of the border and the thickness of the
shoring is applicable to all shoring. Since
the increase in arca occurs only around
the perimeter of the area of contact of the
load with the shoring, the larger the arca
of contact, the smaller is the proportional
increase in contact arca. Example: Shoring
2 inches thick under a box 12 inches square
will increase the arca of contact 77 percent
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2-IN. BLOCK TO HOLD TIEDOWN
DEVICE SO IT CAN EE TIGHTENED

2-IN. PLANK TO HOLD
CENTER PIPE DOWN

BLOCK TO KEEP PIPE
FROM MOVING

WEIGHT 12,000 LB

NOTE:

ALTHOUGH MORE TIEDOW N DEVICES MAY BE REQUIRED FOR THE
RESTRAINT OF HEAVIER STACKS OF UNCRATED STOCK MATERIAL, TIE-
DOWN METHODS SHOULD FOLLOW THE SAME BASIC PATTERN AS
SHOWN.

1. 25,000-LB D-1 TIEDOWN DEVICE, ANCHORED TO 25,000- OR
35,000-LB TIEDOWN FITTINGS, KEEPS CARGO FROMMOVING
UP AND SIDEWARD. (CHAIN PROVIDES 50,000-LB RESTRAINT
IN SIDE DIRECTION AT 60 DEG RELATIVETO FLOOR)

2. RESTRAINT BULKHEADS MADE OF 2- x 12-IN. PLANKS MUST EE
INSTALLED FWD AND AFT OF ALL ITEMS OF CARGO NOTED TO KEEP
THEM FROMMOVING FWD OR AFT.

3. CLEAT TO HOLD TIEDOWN DEVICE UP.

4. 25,000-LB D-t TIEDOWN DEVICE, ANCHORED TO 25,000- OR
35,000-LB TIEDOWN FITTING ON EITHER SIDE OF CARGO, KEEPS
CARGO FROMMOVING FwD OR AFT. (CHAIN PROVIDES 37,000-LB
MINIMUM Fw D RESTRAINT IF ANGLE OF CHAIN IS LESS THAN
30 DEG RELATIVE TO LONGITUDINAL AXIS.]

FIGURE 2-7. TIEDOWN OF LONG SLENDER CARGO

2-8




PAD (TO PREVENT
CUTTING STRAP)

SHORING

NOTE:

AMCP 706-130

PALLET

LARGE CYLINDRICAL OBJECTS MAY EE TIED DOWN WITH THE CYLIN-
DRICAL SURFACE AGAINST THE FLOOR. HOWEVER, IT IS SAFER TO PLACE
THE CYLINDERS O N END. THIS ENABLES FRICTION BETWEEN THE FLOOR
AND THE FLAT ENDS OF THE CYLINDERS TO AID IN THEIR RESTRAINT. IF
CYLINDERS HAVE PROTRUSIONS, USE SHORING OR PALLETIZE TO DIS-

TRIBUTE THE LOAD.

FIGURE 2-8. TIEDOWN OF CYLINDRICAL CARGO

by adding 112 squarc inches to the original
144. Shoring 2 inches thick under a box 60
inches square will increase the area of con-
tact by only about 14 percent by adding
496 square inches to the original 3600
squarc inches. The spreading effect of sim-
ple shoring is the same regardless of the
shape of the arca of contact.

2—4.3 AREA CONTACT PRESSURE. To determine
the arca contact pressure of aload, divide
the individual contact arca into the weight
of the load on that area. Once the weight
per unit of measurement of the bearing sur-
face of the load has been determined, the
data can be used for comparison with the
load limits of the aircraft floor. Example:
A box 6 fect long by 10feet wide by 7 feet
high. has a bearing surface arca of 60
square feet. If the box weight is 600
pounds, it would distribute its weight at 10
pounds per square foot or 0.07 pounds per
square inch.

2-5 TIEDOWN DEVICES

Most aircraft are equipped with appro
priate strap or chain and tension assem-

blies (tiedown devices) for cargo restraint.
Each tiedown is rated to withstand a spe-
cific load or force. However, the effective
holding strength of a device is determined
by the rated strength of the device and the
manner in which it is employed. All tiedown
devices must be anchored to a tiedown fit-
ting. The strongest tiecdown is no stronger
than the fitting to which it is attached.
Types of tiedown devices used for securing
cargo and their characteristics are de-
scribed below.

2—51 A-2 (9BY 9 FEET) CARGO NET. Miscellane-
ous general cargo items of light weight and
varying shapes, that do not have attach-
ment points to which tiedown hooks can be
applied, can be effectively and conveniently
tied down with A-2 cargo nets (Fig. 2—5).
These steel cable nets are often used to
cover cargo secured by other types of tie-
downs, to prevent small items o cargo
from being scattered. The net has guarded
metal hooks spaced 20 inches apart along
two adjacent sides. The other two sides
arc fitted with metal rings similarly spaced.
Methods of securing the net vary somewhat

2-9
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FOOTPRINT OF LOAD
ON SHORING

FOOTPRINT OF LOAD
ON FLOOR OF AIRCRAFT

2-IN. SHORING

6 IN.X 12IN.=72 SQ IN.

10 IN.X 16 IN.= 160 5Q IN.-

FIGURE 2-9. WEIGHT SPREADING EFFECT OF SHORING
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depending on the size and shape of the
cargo. In most cases, it is convenient to
attach the hooks in one end to a lateral
row of tiecdown rings and then attach the
hooks along an adjacent side to a longi-
tudinal row. With two sides thus attached,
the opposite sides can be pulled tight with
A-1A tiedown devices (par. 2—5.11) or
threaded with C-2 tiedown devices (par.
2—59). A-1A tiedown devices may be
hooked to the mesh of the net if necessary
to take up excess slack; however, when
C-2 tiedown devices are used, they should
be threaded only through the rings. The
restraint capacity of the net depends on the
number of hooks and rings used to sccure
it in place. When all rings and hooks on
cach side arc used, the capacity is 10,000
pounds.

2—62 MA-2 (15 BY 15 FEET) AND MA-3 (15 BY 20
FEET) CARGO NETS. These nects (Fig. 2—6)
arc made of webbed nylon straps and have
restraint capacity o 10,000 pounds each.
Fixed straps approximately 10inches long
and equipped with snap hooks are attached
to one side of the nets. The remaining sides
of the nets are equipped with adjustable
straps approximately 4 feet long. The
adjustable straps are also equipped with
snap hooks. The nets may be used to re-
strain stacks of general cargo, such as
boxes, sacks, metal containers, or a com-
bination of miscellancous items.

2—5.3 MB-1 TIEDOWN DEVICE. The MB- 1 tie-
down device (Fig. 2—10), Military Specifi-
cation MIL-T-25959A, has arated strength
o 10,000 pounds and consists o a 9-foot
steel chain with an L-shaped hook attached
to one end. The other end of the chain
passes through a snap fastener hook device
which locks the chain when in tension. A
quick release lever on the device makes it
possible to detach the two components
instantly, regardless of the tension on the
chain. A tensioning grip, in the form of a
knurled ring on the device, allows final
tensioning of the chain to be carried out.
In use, the L-shaped hook end of the chain
is passed over and around part of the load,
and the hook is then engaged with a link
of the chain. The hook of the device is then
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CHAIN LINK IN
CHAIN POCKET.

CHAIN LOCK

QUICK RELEASE
LEVER

TENSIONING
GRIP

ADJUSTABLE
HOQK

7 @‘S\i}:‘:“-‘)

\wr_/
FIGURE 2-10. MB—1 TIEDOWN DEVICE

engaged to a tiedown ring, as shown in
Fig. 2—10.

2—5.4 ME2 TIEDOWN DEVICE. The MB-2 tie-
down device, Military Specification MIL-
T-25960A, has a rated strength of 25,000
pounds. It is similar in construction and
operation to the MB-1 tiedown device de-
scribed in par. 2—5.3.

2—65 MC-1 TIEDOWN DEVICE. The MC-1 tie-
down device (Fig. 2—11) has a rated
strength of 5000 pounds and consists of
a 15-foot web strap with a fixed snap hook
on onc end of the strap and a latch with a
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MC-1 TIEDOWN DEVICE
STRAP ADJUSTMENT

LATCH FRAME

QUICK RELEASE
BUTTON

LATCHING BAR

LATCHING MC-1 TIEDOWN
DEVICE

LATCHING BAR

LATCH FRAME

QUICK RELEASE
BUTTON

FIGURE 2-11. MC-1 TIEDOWN DEVICE

movable hook on the other. In use, the
fixed hook is secured to one of the aircraft
tiedown fittings while the movable hook is
secured to the cargo item. If the cargo item
does not have an attaching point, then the
strap is passed over or around the cargo
and the movable hook is secured to another
aircraft tiedown fitting. The strap is
tightened by pulling its free end through
the latch frame and latching bar. Final ten-
sioning is made by closing the latching bar,
which engages with a spring-loaded retain-
er bar. To remove the device, actuate the
quick release button, which will release the
latching bar.

2-66 CGU-1/B TIEDOWN DEVICE. The CGU-
1/ B tiedown device (Fig. 2—12), Military
Specification MILT-27260, is similar to the
MC-1 tiedown device described in par.
2—55. Itis animprovement over the MC- 1
and will eventually replace it. It has a
rated strength of 5000 pounds and consists
o a web nylon strap approximately 20 feet
long with a fixed snap hook on one end and
a movable hook on the other. The movable
hook end of this device, unlike the MC-1,
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has a ratchet system for applying tension
to the device.

2—67 MC-2 TIEDOWN DEVICE (CHAINRIDER).The
MC-2 tiedown device (Fig. 2—13) is a chain
assembly having a rated strength o 10,000
pounds, designed for use with the MC-1 tie-
down device. The MC-1 tiedown device
must form a complete loop around a por-
tion of the cargo and the roller of the chain
assembly to provide a 10,000-pound capac-
ity for this combination. The assembly is
used to tie down intermediate-weight car-
go. It hooks to itself or to a tiedown fitting
and attaches to an MC-1 tiedown device.
The chain rider consists of a short length of
chain which has an open hook at one end
and a fastening device (strap bracket) at
the other, which permits installing the
chain rider on the MC-1 tiedown device.
It is used to sccure rough-edged items that
might cut or scuff the nylon strap.

2—5.8 B-1A TIEDOWNDEVICE. The B-1A tie-
down device (Fig. 2—14) has a rated
strength o 5000 pounds. It consists of a
length of cable with a snap fastener hook




AMCP 706-130

FIGURE 2-12. CGU-1/B TIEDOWN DEVICE

MC-2TIEDOWN DEVICE
INSTALLED O N MC-1 DEVICE

STRAP BRACKET

PIN RETAINER CLIP
PIN

PIN RETAINER STRAPROUER MC-1 TIEDOWN DEVICE

FIGURE 2-13. MC-2 TIEDOWN DEVICE
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FIGURE 2-14. B-1A

on onc end and a quick release and ten-
sioning device on the other. Two angle
irons run freec on the cable to prevent it
from fraying when it passes over sharp
cdges. The quick release assembly has an
open hook, an adjusting nut, a locking
lever, and a series of pulleys. The cable is
approximately 16 feet long and 7/32 inch
in diameter.

2-59 C-2 TIEDOWN DEVICE. The C-2 tiedown
device (F'ig. 2—15) has a rated capacity
d 10,000 pounds. The tiedown assembly
is composed of a special steel chain, attach-
ment fittings, and a mechanism incorpo-
rating provisions for adjustment, tension-
ing, locking, and releasing the chain. On
onc end of the device, a slotted adapter is
used for gripping the chain. A set of quick
release jaws serves for attaching the as-
sembly to the floor tiedown rings. The other
end of the chain, equipped with an L-shaped
hook, can be used for forming loops around
the attaching points on cargo. The chain
is 108 inches long and is made from 9/32-
inch forged links. The C-2 tiedown device
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TIEDOWN DEVICE

should not be used on items to be air-.
dropped.

25,10 D-1 TIEDOWN DEVICE. The D-1 tiedown
device (F'ig. 2—15) has a rated capacity
of 25,000 pounds. It is similar in construc-
tion and operation to the C-2 tiedown de-
vice described in par. 2—5.9, differing only
in size and tensile strength.

2—-5.11 A-1A TIEDOWN DEVICE. The A-1A tie-
down device Fig 2—16), Military Specifi-
cation MIL-T-7181, has a rated capacity
of 1250 pounds and consists of a 15-foot
webbed strap with a fixed snap hook on
one end and a movable hook on the other.
When in use, the fixed snap hook is at-
tached to a tiedown fitting or to the item
of cargo which is being secured. The device
is then passed over or around the cargo to
another fitting where the movable hook is
attached. The strap is then tightened by
pulling the free end through the movable
hook. To remove the device, tension on the
strap is rcleased by depressing a thumb
plate between the sides of the movable
hook.




TURN KNURLED KNOB TO OPEN
JAWS OF ATTACHMENT UNIT,
REVERSEDIRECTION TO CLQSE. \

WITH BOTH ENDS ATTACHED, TURN
COLLAR AND PULL CHAIN THROUGH
OPENING TO TAKE UP SLACK. RE-
TURN COLLAR TO ORIGINAL
POSITION TO LOCK CHAIN.

ROTATE CENTER KNOB OF ATTACH-
MENT UNIT TO APPLY LOAD TO CHAIN.

NOTE:
C-2 TIEDOWN DEVICE SHOWN.D-1 TIEDOWN

DEVICE DIFFERS ONLY IN SIZE AND TENSILE
STRENGTH.

FIGURE 2-15. C-2 AND D-1 TIEDOWN DEVICES

MOVABLE HOOK

FIXEDHOOK

THUMB PLATE

FIGURE 2-16. A-1A TIEDOWNDEVICE
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SECTION Il
PALLET LOADING AND RAIL SYSTEMS

26 PALLETS

There arc three standard 463L cargo
pallets used to facilitate the transportation
of cargo in aircraft and within freight ter-
minals — HCU-6/E (Fig. 2—17), HCU-10/C
(Fig. 2—18), and HCU-12/E (Fig. 2—19).
These military pallets are of bonded sand-
wich construction. The bottom surface is a
continuous sheet of 0.080 = 0.003 inch
-7075 aluminum. The top surface is a con-
tinuous sheet of 0.063 = 0.003 inch
-6061-T6 aluminum. Top and bottom sur-
faces are fastened to the edge extrusions
with rivets. The core material between the

metal outer surfaces is of end grain balsa
wood with a density of 6 to 9 pounds per
cubic foot. A lip is provided on the peri-
phery of the pallets to permit mating with
aircraft rail systems. Tiedown rings are
symmetrically located aroundthe perimeter
of the pallets to permit securing specially
designed cargo tiedown nets. Each tiedown
ring is capable of sustaining a 7500-pound
tension load and has a free movement of
240 degrees in a vertical plane that inter-
sects the pallet edge at right angles. A
hoist or forklift may be used to lift the
pallets. The load capacity and number of
tiedown rings for each pallet are as follows:

LOAD NUMBER
MILITARY CAPACITY OF

PALLET SPECIFICATION (Ib) TIEDOWN RINGS
HCU-6/E MIL-P-27443D 10,000 22
HCU-10/C MIL-P-27648C 5,000 16
HCU-12/E MIL-P-27700A 5,000 16

Commercial aircraft may utilize cargo
containers (igloos) attached to pallets.
These containers arc shaped to fit the con-
tour of the particular aircraft. A net sur-
rounds the container to provide restraint
against cargo movement. Advantages of
igloos are reduction in damage to the
passenger interior and more efficient load-
ing of cargo.

2-7 METHOD OF SECURING

2—7.1 LOAD TO PALLET. Cargo tiedown nets
ar¢c used to secure cargo loads to 463L
cargo pallets. The nets are constructed of
woven nylon webbing with metal attach-
ments, and provide sufficient strength to
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meet the restraint criteria of transport air-
craft. Each type of net is designed to be
used with a particular cargo pallet. The
HCU-7/E (Fig. 2—20) and HCU-15/C
(Fig. 2—21) cargo tiedown nets, Military
Specifications MIL-N-27444B and MIL-N-
38255, respectively, are used with the
HCU-6/E cargo pallets (Fig. 2—17). The
HCU-11/C (Fig. 2—22) and HCU-16/C
(Fig. 2—23) cargo ticdown nets, Military
Specifications MIL-N-27647A and MIL-N-
38256, respectively, are used with the
HCU-10/C (Fig. 2—I18) and HCU-12/E
(Fig. 2—19) cargo pallets. Figure 2—24
illustrates use of a top net and a side net
assembly — two side nets connected to-
gether at opposite corners — to properly
secure a cargo load.
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2—7.2 PALLET TO CARGO COMPARTMENT. The
463L cargo pallets are designed for com-
patibility with conveyorized rail restraint
systems utilized in the CV-7A, C-130, and
C-141 aircraft. The pallets are loaded into
the cargo compartment on roller conveyors
and positioned between two parallel re-
straint rails. The restraint rails prevent
vertical and lateral movement of the pal-
lets. Locking mechanisms located on the
restraint rails are equipped with detents
which, when in the locked position, engage
the lip on the cargo pallet to prevent fore-
and-att movement. Pallets installed in the
rail systems are restrained automatically
to meet the applicable restraint criteria of
the aircraft.

28 RAIL SYSTEMS

2—8.1 CONVEYORIZED RAIL RESTRAINT SYSTEM.

The conveyorized rail restraint system
(par. 3—1 1)provides aircraft with the capa-
bility to safely handle equipment and sup-
plies for aerial delivery, and to expedite
the handling of palletized cargo forterminal-

to-terminal operations. The type of equip-
ment and the operation o the system are
essentially the same for both service appli-
cations. The conveyorized rail restraint sys-
tem is employed in C-130, C-141, and
CV-7A aircraft. The system used in the
CV-7A aircraft is 88 inches wide and can
carry the HCU-10/C and HCU-12/E cargo
pallets. The system in the C-130 aircraft is
adjustable to widths of 88 inches or 108
inches and can utilize the HCU-6/E,
HCU-10/C, or HCU-12/E cargo pallets.
The system used in the C-141 aircraft is
108 inches wide and is designed to carry
the HCU-6/E cargo pallet.

2-82 CONVEYORS. Conveyors facilitate the
loading of heavy or bulky, skid-mounted,
palletized or containerized cargo®. Con-
veyors, Military Specification MIL-C-5927B,
arc assembled from sections of aluminum
alloy conveyors, either 8 or 10 feet long
and 1 foot wide (par. 3—9). Individual sec-
tions of conveyors may be coupled together
end to end or side to side to form various
combinations. These conveyors are organic

2-47
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FIGURE 2-78. HCU-10/C CARGOPALLET

to some aircraft and as such are available,
either installed or as onboard equipment.
Typical installations of conveyors are
shown in Figs. 3—17 and 3—I18. Twelve
individual wheels, approximately 2 inches
in diameter, are provided for each square
foot d conveyor section area. The wheels
permit longitudinal movement o pallets
within the aircraft. Pallets placed on con-
veyors conforming to Military Specification
MIL-C-5927B are sccured to the aircraft
floor with tiedown devices to provide the
inflight restraint criteria.

The procedure for loading aircraft with
conveyors installed in the cargo compart-
ment is to off-load cargo directly from a
transporting vehicle into the aircraft. The
cargo and vehicle are prepared for the

248

lsoglilél&_gg:grocedure as outlined in T™M

2—8.3 MONORAIL. An overhead monorail is
installed in the C-97 and C-119 aircraft. A
typical cross section of an overhead mono-
rail, Military Specification MIL-C-9153A4, is
shown in Fig. 2—25. The overhead mono-
rail installed in the C-119 is used for air
drop of A-22 containers (par. 3— 10).
Special aerial delivery equipment can be
installed on the overhead monorail in the
C-97 aircraft; however, the Army does not
utilize this aircraft for airdrop. The cargo
hoist trolley, used for loading and unload-
ing of cargo, travels the length of the cargo
compartment on the C-97 monorail.




AMCP 706-130

IIIIIIIIIIIII
SSSSSSSS

IIIIIIIIIIIIIIIIII

—

)

p20 %% %% % e

88
l
£

3

HOOK ATTACHMENT N SIUDEBAR

IIIIIIIIIIIIIIIIII

E 2-20. HCU-7/E CARGO TIEDOWN NET

24 9



__ . cL SYM
11.1/2
. B : fan T 1 —7
22-1/2
__.@—-1@- — :j_"t—( H >
- ‘TY 10 _{ L
10 (TYP) (TYP) "
! . == \RING
h-—n#J. n Y 2 7 22—-| I
. H =
I IJL N | T 1 I | - 1 P
SLUDING BAR J; fg E} g bADJUSTING STRAP
‘———-22 | 22 | 22 | 22 | Hook
NOTE: r ! ' !

DIMENSIONS IN INCHES

FIGURE 2-21. HCU-15/C CARGO TIEDOWN NET (TOP VIEW)

TIEDOWN
RINGS

ADJUSTABLE HOOK

20
20 20
— Bl —1t—
64
24 /
20
ATTACHMENT HOOK
| 80 = i 40

NOTE:
DIMENSIONS IN INCHES

FIGURE 2-22. HCU-11/C CARGO TIEDOWN NET (SIDE VIEW)

20




AMCP 706-130

n h N n
) e N+ 1
A ul T 1 T G :
L L L L]
/ =
I 7 A
=t } - oo
20 ‘I' - =
10
] H
——3P %Zﬂ [ =P
10
20 —
U S 5 _f_ e 5CO 1=
S L |
RING bl — i | | —— B
SLIDE BAR g 2312 ‘ J’
; Eja d |
<L I r I ——— T T ) \
( : ‘
HOOK ' 11-1/2 =111 /2—{ ’ ADJUSTABLE HOOK
NOTE:

DIMENSIONS IN INCHES
FIGURE 2-23. HCU-16/C CARGO TIEDOWN NET

221



AMCP 706-130

HCU-15/C TOP
CARG O NET

TYPICAL NET
ATTACHMENT

HCU-7/E SIDE
CARGO NET
(2 REQUIRED)

FIGURE 2-24. MISCELLANEOUS CARGO OR TROOP BAGGAGE TIEDOWN USING PALLET AND NET

0.200 1.800
1
0.02 X 45 DEG ' 0.125 R
0.250 ;
db A 2.020 |i—o0.160
5 N
J s g 0.125 R 1
~0.257 DIA ||| 2o
LOCKING =
HOLE 0.200 AH F 0.220
} 0.500
NOTE:
DIMENSIONS IN INCHES 1.800——{

FIGURE 2-25, TYPICAL OVERHEAD MONORAIL CROSS SECTION

22




AMCP 706-130

SECTION IlI

DESIGN CONSIDERATIONS FOR MATEREL
TO BE AR TRANSPORTED

2—9 GENERAL

The Air Standardization Co-ordinating
Committee (ASCC), composed of represen-
tatives of the United States, United King-
dom, and Canada, has published a general
guide! for those who are concerned with the
design of equipment which is required to
be transported by, or airdropped from,
transport aircraft belonging to the member
nations. In addition, the Department of the
Army has prescribed procedures for devel-
opment of materiel to insure air portability
and airdrop capability in Army and Air
Force aircraft?. Explosives and other dan-
gerous materials shall be packed, marked,
and labeled, when offered for shipment by
military aircraft, in accordance with proce-
dures in TM 38-250°.

2-9.1 DURABILITY, RELIABILITY, AND MAINTAINA-
BILITY. The terms durability, reliability, and
maintainability are familiar to most de-
signers, and yet there exists a certain
amount of confusion with respect to their
distinction, particularly as used in airdrop
cquipment design. These terms arc de-
scribed, in general, in the following para-
graphs.

Durability is the term used to describe
the ability of an object, device, or system
of devices to render satisfactory perform-
ance over an extended period of time of
continual operation when used in the ser-
vice for which it was intended. It deals with
the operational endurance of the item and
is related to the time period during which
satisfactory performance is obtained.

Reliability is the interaction of the dura-
bilities of the individual components that
constitute a particular assembly and the
probabilities that each of these components
will perform satisfactorily for the intended
period under the operating conditions en-
countered. Reliability also includes the

capacity of the device to perform its mis-
sion after sustaining the destruction or
failure of specific components.

Maintainability is a characteristic of
design and installation which is expressed
as the probability that an item will con-
form to specified conditions within agiven
period of time when maintenance action is
performed in accordance with prescribed
procedures and resources4.

2—9.2 WEIGHT AND VOLUME. Items should be
made as light and compact as possible,
rather than merely capable o being air-
lifted. The weight and volume saved can be
used for additional personnel, bulk supplies,
and other equipment, thereby reducing the
number of aircraft needed to air transport
a given unit and increasing the effective-
ness o the available transport support
force. Reductions in weight and volume
should not be permitted to impair other
e¢ssential operational characteristics, nor
to increase overall costs disproportionately.
Whenever possible, reduced weight should
be achieved by utilizing noncritical, light-
weight materials and taking advantage of
advanced designs —not by use ofmaterials
which are expensive or in short supply.

Except for equipment items to be carried
in the CH-21, CH-34, UH-1B/D, or U-1A
series aircraft, the outside dimensions of
cquipment items must be such as to permit
loading and unloading with 8-inch vertical
clearance after loading and 5-inch lateral
clearance on each side during and after
loading. The outside dimensions of equip-
ment items to be carried in the CH-21,
CH-34, UH-1B/D, or U-1A series aircraft
must be capable of being loaded and un-
loaded through side cargo doors to provide
1-inch vertical and lateral clearance at the
doors and inside the cargo compartment
during loading, and 6-inch vertical and 5-
inch lateral clearance after loading.
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2—9.3 STRENGTH. Equipment should be capa-
ble of repeated operation without undue
fatigue. Assemblies must be designed and
materials selected with sufficient physical
strength to insure safety, long life, and
dependability.

2—9.4 MOBILITY. Mobility or ease of loading
and unloading is an essential requirement.
Ground clearance between axles of wheeled
vehicles must be sufficient to insure clear-
ance at the juncture of the ramp and cargo
compartment. The length-height relation-
ship of the item must be such as to pre-
clude the load from striking the top of the
cargo compartment during loading and un-
loading.

2—9.5 SECTIONALIZATION. Sectionalization of
large, bulky equipment should be given full
consideration. Disassembly and assembly
must be within the capability of user units,
and provisions should be made for lifting
of heavy components. Sectionalization must
not materially impair the capability of an
item to perform its fundamental mission.
Materiel should be plainly marked as a
guide to disassembly and assembly proce-
dures and as to location of the center of
gravity of ecach component. All mobile
cquipmentrequiring scctionalization should
be designed to permit the basic element to
be moved on its own wheeled or tracked
system. -

2—9.6 SKID-MOUNTED ITEMS. In general, skid-
mounted equipment is undesirable from the
ground mobility and air transportability
standpoint, and should be used only when
dictated by the performance requirements
of the equipment. If skid-mounted equip-
ment is required, the dimensions fall into
the following two categorics:

a. The end item equipment mounted on
a skid frame structure should be within the
maximum dimensional size and capacity of
a pallet and/or platform, such as used by
cargo loading systems having roller con-
veyor mobility.

b. High-density, skid-mounted equip-
ment requiring rated floor capacity skid
structure and not applicable for pallet and/
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or platform mobility should be mounted on
a steerable, pneumatic-tired trailer.

2—-9.7 STACKING CAPABILITIES. Containerized
materiel and wheeled equipment with rela-
tively low density should be designed for
stacking. Pallets used for container stack-
ing should provide forklift openings for
mobility. Attention should be giventostack-
ing as to the structural strength required
to withstand the vertical of restraint force
requirements when air transported.

2—9.8 LOCATION OF TIEDOWN POINTS. Each tie-
down point on equipment for air transport
must have adequate restraint capacity for
a minimum of 10,000 pounds in all direc-
tions.. Detailed requirements for ticdown
provisions for items to be airdropped arc
contained in MIL-STD-814A%. Detailed de-
sign requirecments of tiedown fixtures re-
quired on military equipment for air trans-
port are contained in MIL-STD-20942, The
selection of tiedown locations for air trans-
port can be made using the following rules
as guidance:

a. The number of locations for attach-
ment fittings shall not be less than four.

b. Locate the tiedown points on the
equipment structure which will provide at
least 10,000-pound restraint capabilities,
in a symmetrical pattern as ncar as possi-
ble about the longitudinal and transverse
gravity center point level.

¢. Place the same number of tiedown
points on each side and each end of the
cquipment.

d. Locate tiecdown cyes so as to provide
a 45-degree working cone from the vertical.
Where applicable, tiedown eyes shall be
located so as to restrain the sprung weight;
e.g., chassis of wheeled vehicles or hulls
of tracked vehicles.

2—9.9 ELECTRICALREQUIREMENTS. Electrical
power availability in military and commer-
cial aircraft varies in types and power fac-
tors. Designers or managers of end items
requiring heating, cooling, or energizing
enroute or in storage arc cautioned to fur-
nish the necessary aircraft ground support




cquipment to satisfy such requirements,
including a standby power source tO be
used in the event external power fails or is
found to be unavailable at enroute stations.

2—9.10 AIRCRAFT CHARACTERISTICS. Develop-
ment of material with the required degree
of transportability requires careful consid-
cration of the characteristics of the aircraft
in which the item is to be air transported.
Characteristics of certain aircraft used for
airtransport and airdrop are givenin Chap-
ter 4.

2-10 AIRBORNE LOADS FOR HELICOPTERS

An inherent characteristic of the heli-
copter is the cyclic vertical motion pro-
duced by periodic loading and unloading
of the blades. This is a low frequency
motion, and special consideration must be
given for airborne loads to be carried in
helicopters.

Vertical motion fluctuation is generally
a function of the number of blades in the
rotor and the rotor RPM? As a rule, the
predominant frequency is given by

60 (2—1)
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where

W = natural frequency, cycle/sec
B = number of blades in rotor

RPM = revolutions per minute.

Any load containing a spring in the
form of a shock mount or padding must be
checked for its natural frequency. Under
no circumstances should the natural fre-
quencies of the system to be carried match
the inherent frequencies of the helicopter.
The frequency spectrum to avoid is as fol-
lows:

Helicopter Model Cycle/Sec
CH-21 11.7-17.5
CH-34 11.3-17.3
CH-37 13.7-17.9
CH-47 10.2-13.1
UH-1 9.8-11.3

Caution should be used in selecting
spring-mounted loads with natural frequen-
cies lower than these, since lower frequen-
cies will be excited as the helicopter rotor
comes up to speed.
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SECTION IV
EXTERNAL SLING LOADS

241 GENERAL

The external transport of cargo by heli-
copter pertains to that procedure whereby
cargo is picked up by, and delivered while
suspended from, the cargo hook under the
helicopter. The external-load capacities of
designated helicopters are listed in
Table 2—2. The load capacities given in

Table 2—2 are based on standard weather
conditions at sea level; that is, a baro-
metric pressure o 29.92inches of mercury
and a temperature of 59°F (15"C). The
load capacitics may vary, depending on
the nature of the cargo, range of the flight,
weather conditions (3.56°F change per
1000-feet clevation), and similar opera-
tional factors.

TABLE 2-2. HELICOPTER EXTERNAL-LOAD CAPACITIES

HELICOPTER WEIGHT OF LOAD (lby
UH-1A 3,000
UH-1B 3,500
UH-1D 4,000
CH-21 5,000
CH-34 5,000
CH-37B 8,000
CH-47A 16,000
CH-54A 20,000

242 LOAD STABILITY

All material designed for external trans-
port beneath helicopters must be test flown
before acceptance. Full-size mockups can
be used for test flying, but they must have
the following parameters identical to the
final product:

a. Weight
b. Volume (and density)
¢. Center of gravity (in all threeplanes)

d. Center of pressure (from all direc-
tions)

e. Moment of inertia
f. Suspension points

Since many helicopters exhibit mar-
ginally stable characteristics, care should
be taken to avoid aggravating this condi-
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tion with the addition of an external sling
load. It has been shown that the addition
of a sling load to a helicopter can have an
unfavorable influence on the dynamic sta-
bility. The system tends to swing in the
manner of a double pendulum. A stabilizing
influence of the sling load on the motion
occurs only if the load is attached near its
center of gravity and the hook is near the
helicopter's center of gravity. With the hook
at some distance below the helicopter's
center of gravity, there is in general a long-
period, moderately unstable mode. It 1s
advisable to attach the load as close to its
center of gravity as possible. Most insta-
bilities caused by external sling loads can
be countered adequately by pilot control,
if the load is properly attached. Instruc-
tions for rigging a typical sling load to
assure its_in-flight stability are given in
Fig. 2—264.
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LASH ENOUGH HIGH-DENSITY CARGO WEIGHT TO THE
FRONT END OF THE LOAD TO CAUSE I TO BE SUS-
PENDED ON A LEVEL PLANE. THE ACTUAL CG OF THE
LOAD IS NOW AT THE DESIRED POINT, AND THE LOAD
WILL FLY IN THE MANNER NEEDED TO ASSURE STABILITY.

FiCURE 2-26. INSTRUCTIONS FORRIGGING A TYPICAL SLING LOAD TO ASSURE ITS IN-FLIGHT STABILITY

When lifting objects such as disabled air-
craft, a test lift should be made to deter-
mine the load center o gravity and to
assurc that the lift can be accomplished.
Normally, fixed-wing aircraft will require
spoilers to be attached to them to prevent
aerodynamic forces from lifting them to-
ward the bottom of the recovery helicopter.
An example of spoilers installed on fixed-
wing aircraft is shown in Fig. 2—27. Also
for fixed-wing aircraft, the flight controls
must be locked or set in neutral position.

If the disabled aircraft has unstable
acrodynamic characteristics in yaw, such
as the CH-47A, it can be stabilized by
means o a ribbon-type drag chute o ap-
proximately 20 feet in diameter. The drag
chute should be attached to cach rear gear,
with the top o the uninflated chute a mini-
mum of 40 feet fromthe gear.

2—13 STATIC ELECTRICITY DISSIPATION

In flight a helicopter genecrates and
stores a charge of static electricity. When
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FIGURE 2-27. SPOILERS INSTALLED ON FIXED-WING AIRCRAFT

the helicopter lands, this chargeis grounded
out; however, while it is in flight, this
charge tends to remain stored unless a
path is provided for it to be released into
the earth. If a ground crewman contacts
the cargo hook of a hoveringhelicopter, he
will provide this path.

Toavoid the possibility of a ground crew-
man receiving a static-clectricity shock,
the charge of static electricity must be dis-
sipated. One method o accomplishing this
iswith a probe such as shown in Fig. 2—28.
The probe consists basically of an insulated
aluminum contact tube joined to a metallic
tape or wire, which in turn is attached to a
ground rod. In use, the ground rod is
driven into the earth and the contact rod
is held by a ground crewman. As the heli-

BRASS PLUG GROUND
[TXZ IV ROD

ALUMINUM TUBE

TAPE

1/4IN. BRAID 25FT)

FIGURE 2-28. STATIC DISCHARGE PROBE
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copter hovers over a cargo hookup/release
point, the crewman contacts, and holds,
the contact rod against the cargo hook,
thus grounding out the stored clectrical
charge. Once the ground crewman grasps
the hook, the probe may be releasedfrom
contact with the hook.

244 USE Cr' CARGO NET

The cargo net (Fig. 2—29), designed
for external transport of cargo by helicop-
ters, has a load capacity of 5000 pounds.
The flat, mesh-type net weighs 37 pounds,
is made of 1/8&inch steel cable, is about
16 feet long and 11 feet wide, and can be
rolled into a coil 24 by 15inches. There
arc five steel eyelets positioned on cach
side o the net. Each side has a 1/4-inch
draw cable, 11 feet long, threaded through
each eyelet. Three cables have a snap
fastener at one end and a 2-3/8&inch-
diameter steel ring with a snap fastener
at the other end. The fourth cable has a
6-inch diameter steel ring on one end and
a snap fastener on the other end.

2—441 GBENERAL RIGGINGPROCEDURES. The
weight and configuration of a cargo item
determine whether or not it can be trans-
ported in a cargo net. General rigging pro-
cedures are as follows:

a. Spread the net evenly on a flat sur-
face and position load to be transported so
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FIGURE 2-29. CARGO NET

that its center of gravity lies in the center
of the net. For a composite load, the items
should be stacked evenly from the center
outward. The load balance must be main-
tained to insure that the net will suspend
levelly when lifted at its apex, the 6-inch
ring. For loading numerous small items, a
unitized load can be secured to a pallet and
the pallet loaded into the net. A composite
load of fragile items, such as medical sup-
plies or electronic equipment, should be
cushioned with paper honeycomb, cellulose
wadding, or other suitable cushioning
material.

b. Draw the net up around the load by
using the four 1/4-inch draw cables, and
securc the draw cables as shown in
Fig. 2-—30. To prevent entanglement during
hookup, cluster the draw cables and tie the
net above the load. If the tic isto be used
to hold the load in position during flight,
550-pound-capacity nylon cord (or a suit-
able substitute) must be used. For some
loads, it is desirable to allow the draw
cables to break free from the tiedposition
during liftoff. In this case, use lightweight
string or several wraps o 2-inch, pressure-
sensitive tape around the cables below the
eyelets.

2-29
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FIGURE 2-30. TOP VIEW OF CARGONET (DRAW CABLES)

2—42 MULTIPLE USE CF NET. A maximum o
five cargo nets may be clustered on a sin-
gle helicopter cargo hook by the use d a
multiple leg sling. These slings are issued
one per cargo helicopter.

245 USE OF UNIVERSAL CARGO SLING
SET

The universal cargo sling set (Fig.2—3 1)
is designed for the external transport o

cargo by helicopters. The sling set con-
tains three types o cendless, nylon web
slings, which are listed as follows:

a. Type I, 10-inch, 5ply, 10,000-pound
capacity (onec to asct).

b. Type 11, 4-foot, single-ply,2500-pound .
capacity (four to a set).

c. Type 111, 8-foot, single-ply, 2500
pound capacity (ten to a sct).

24 51 CONSTRUCTING A TYPICAL CARGO SLING.
Three types o hitches are used to connect
slings to the cargo item, to cach other, or
to the 10-inch ring.

2—51.1 Choker Hitch. The .choker hitch
(Fig. 2—32) is used to attach sling legs to
the item or to join sling-leg segments to
cach other. This hitch draws up snuglyas
the pull o the load is increased, making it
difficult to detach slings from the item or to
scparate sling-leg scgments after a lift.
For this reason, it is not normally used for
loads exceeding 2500 pounds per sling leg.

2 5.1.2 Reverse Choker Hitth. The reverse
choker hitch (Fig. 2—33) is used to attach
sling legs to the 10-inch ring when the apex
o the cargo sling is being formed.

TYPE Il (8 FT LONG SLING)

FIGURE 2-31. UNIVERSAL CARGOSLING SET
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2—151.3 Basket Hitch. The basket hitch
(Fig. 2—34) is used to attach sling legs to
the item or to join sling-leg segments to
cach other. Since it is casy to remove this
hitch from the item after a lift and to sep-
aratc sling-leg segments joined by it, this
hitch is normally used for loads exceeding
2500 pounds, but not exceeding the safe
working load of 5000 pounds per sling set.

24 5.1.4 Folds. The weight distribution and
configuration of a particular cargo item
may require that the length of the sling
legs be adjusted to insure proper flight and
balance characteristics of the item. This
adjustment may be done by folding the
slings as shown in Figs. 2—35 through
2—37. Folds give added strength and lifting
capability to the folded sling-leg segments,
but it must be remembered that a sling leg
or a completed cargo sling is no stronger
than its weakest segment.

2-4 5.1.5 Constructinga Typical load. The com-
pleted cargo sling (Fig. 2—38) is comprised
of sling legs reaching from lifting points on
the load to the cargo sling apex at the

FIGURE 2-33. REVERSE CHOKER HITCH
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FIGURE 2-34. BASKET HITCH

FIGURE 2-35. FOLD
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10-IN. RING

SEGMENTS OF
SLING LEG

SLING LEG

FIGURE 2-38. TYPICAL CARGOSLING LOAD

10-inch rirg. Each sling leg may be a single
sling or made up o two or more sling-leg
segments. The 10-inch ring is used to com-
plete the cargo sling by joining the sling
legs at their apex, and to couple the rigged
load to the helicopter cargo hook. The free
ends of the sling legs may be individually
attached to the 10-inch ring, or pairs of
sling legs may be combined to form single
loops for attachment to the ring. The pair-
ing of legs is usually done when there is an

234

even number o legs. The sequence of hitch-
ing the sling legs to the ring is governed
by maintaining the center o gravity o the
load beneath the sling apex. The sling legs
should be taped together to prevent foul-
ing of the cargo sling during hookup. Any
sling hitched next to, or resting against, an.
abrasive surface of a cargo item should be
wrapped with a suitable cushioning mate-
rial.

In rigging a composite load, it is neces-
sary to lash its components securely to
each other for cohesion of the load during
transport. Fifteen-foot, cotton-web tiedown
straps are useful for this purpose.

2-15.2 EXCEPTION FOR CH-37 HOOKUP. The rig-
ging of universal cargo ,slings to a cargo
load applies to all helicopters listed in
Table 22 except the CH-37. The CH-37
helicopter requires that a large clevis as-
sembly be attached to the 10-inch ring.
This device is needed because the CH-37
cargo hook can snag the 10-inch ring and
prevent it from falling of the hook during
the cargo-release operation. Since the im-.
pact o the clevis against the top of the
slingload during the release operation may
damage a sensitive load, the top of the
load should be covered with a 3-inch layer
o paper honeycomb.
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CHAPTER 3
DESIGN CONSIDERATIONS FOR AIRDROP MATERIEL

SECTION |
INTRODUCTION

3—1 GENERAL

Airdrop involves all types of air-to-
ground delivery of supplies and equipment
rigged for airdrop from aircraft. It is used
mainly to support the conduct of two types
of military operations. The first is mass
assault, where large numbers of personnel,
supplies, and ecquipment are airdropped
into enemy-held territory to establish a
position; the second is resupply, where
such items as rations, ammunition, water,
fuel, and medical supplies are airdropped
into territory held by. friendly forces in
order to replenish dwindling stocks.

Current airdrop systems require the use
of parachutes for aerial delivery o wvital
supplies and equipment in an opcerational
condition in support of the above combat
operations. These parachutes must be
designed to meet the criteria of deploy-
ment speed, deployment altitude, desirable
stability characteristics during descent,
rate of descent, and weight of the load to
be recovered. These conditions establish
the number and size of the parachute based
on a certain drag cocfficient applicable to
cach design. In general, an airdrop sys-
tem should be designed with the following
considerations in mind.

a. The maximum tolerable shock loads
during deployment and the direction of
these shock loads in relation to the cargo.

b. The maximum vertical-fall distance
permissible before terminal velocity is
reached.

¢. The specific stability requirements
for the particular cargo being dropped.

d. The rate of descent desirable during
any stage or reefed condition.

€. Suspension design in relation to ten-
ter of gravity of the load and its attitude
for landing.

f.  Conformation to available space in
aircraft prior to and during exit.

g. The anticipated range of launching
speed and altitude for drop.

h. The anticipated aircraft to be utilized
and its characteristics and capabilities in
regard to load extraction or ¢jection.

i The minimum and maximum weights
possible for the system, including platforms
or containers, and parachutes.

j. The determination of whether to use
expendable or reusable containers or plat-
forms.

k. A reliable, uncomplicated, deploy-
ment system soO designed to preclude ex-
cessive pitching of the cargo after exit.

{. The provision for rapid exit to keep
the drop-dispersion area to a minimum.

m. The point of attachment to the struc-
ture of the platform or cargo for the absorp-
tion of opening shock.

n. The maintaining of the center of
gravity o the aircraft within controllable
limits.

o. Theattitude of the load prior to main-
canopy deployment.

p. The selection of proper material in
relation to cost and strength.
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g. The case of packing and handling.

r. The low cost of maintenance.
3—-2 BACKGROUND AND HISTORY OF AIR-
DROP

Air developments throughout the entire
period of time, stretching backward through
World War 1, the Franco-Prussian War, the
Napoleonic Wars, and on into antiquity,
have contributed devices, machines, and
techniques toward air supply. In 1783,
Joseph-Michel de Montgolfier, designer of
the first balloon to achieve manned flight,
remarked that “large balloons might be
employed for victualling a besieged town. .-
This was the first recorded mention of air
as a mcans of supply in a military opera-
tion. Isolated incidents involving airdrop
of suppliecs were recorded during World
War 1. Prior to World War 11, several
European countries were conducting train-
ing for large-scale airborne and airsupplied
military operations. The airdropping of
water, fuel, food, medical supplies, and
cquipment to sustain military forces on the
ground is sometimes regarded in this coun-
try as a development solely of World War
II. The techniques, organizations, and
equipment of World War II were adopted
and improved during the Korean Conflict.

AIr delivery of heavy equipment had its
beginning shortly after World War 11. The
experiences of World War II had shown
that vertical envelopment was a vital tacti-
cal requirement, and its adjunct, the deliv-
ery of supplies and equipment from air-
craft, was cqually necessary if this method
of warfare was to be employed to its fullest.

The acrial delivery of heavy cargo has
now been developed to the point where
loads ¢an be safely extracted from an air-
craft and, with the use of clustered para-
chutes and energy-dissipating material for
ground impact, can be lowered to the
ground with little or no damage to the load.
Current development cffort is aimed at
improving cost, reliability, accuracy, and
operational utilization. These efforts will re-
sult in new systems and techniques which
will increase the uscfulness of airdrop
operations.

32

33 PLATFORMAIRDROP

Platform airdrop allows recady-to-use
cquipment to be deployed at strategic
areas in an effective and timely manner
when other conventional methods of sup-
ply would be less effective or even impos-
sible due to geographical barriers. Items
too large or too heavy to be packed into
airdrop containers arc placed onto a plat-
form and sccured to the platform by use of
lashings or a net. All standard platform
loads are rigged in accordance with a joint
Air Force/Army publication (TM 10-500/
T. 0.13C7 series)”. The sequence of events
for a platform airdrop consists of the fol-
lowing;:

-a. Rigging load onto platform (par.
3—24).

b. Transporting and loading the rigged
load into the aircraft (par. 3—25).

c. Restraining loaded platform for in-
flight restraint (par. 3—5).

d. Rclease of inflight restraint and ex-
traction of platform load (par. 3—29).

e. Recovery parachute deployment and
opening (par. 3—27).

. Descent (par. 3—28).

g. Ground impact, energy dissipation,
and derigging of load from platform (par.
3—29).

The standard weight range capability
for platform airdrop is 2500 to 25,000
pounds. A new capability to extend this
range to 35,000 pounds has been demon-
strated and studies are underway to further
increase the capability to 50,000 pounds.

3—4 NONPLATFORMAIRDROP

Nonplatform airdrop is the delivery of
miscellancous small items of supplies and
cquipment in containers (par. 3—9). The
rigging of _container loads is covered in
TM 10-5007 and is suitable for free drop,
high velocity drop, and low velocity drop
as defined in TM 10-5600. Nonplatform air-
drop consists of door bundles, wing loads
or stores, or cargo packed in A-22 contain-
ers and utilizing the aircraft’s conveyor or




monorail system. The maximum unit weight
dropped in containers is 2200 pounds.

For door bundles, the containers are
pushed or skidded out of the aircraft solely
by personnel. The maximum bundle weight
shall be 500 pounds, and the minimum
shall give a loading greater than 35 pounds
per square foot. In wing loads, AT-A, A-21,
orM4 A containers arerigged and attached
to drop load shackles affixed to wings of
aircraft adapted for this method of airdrop.

35 LOW ALTITUDE AIRDROP

The most important new capability for
airdrop and, thus, the one with the most
intensive effort being placed upon it, is that
o low altitude airdrop34. This capability is
required for two major reasons. The first is
to reduce the vulnerability of the airdrop
aircraft and the second is to increase the
accuracy of the airdrop. Against an enemy
that relies on essentially man-portable fire-
power, the most dangerous altitudes for
aircraft are those below 2000 feet where
small-arms fire can be effective in dam-
aging or destroying aircraft. However,
when the enemy introduces rather sophisti-
cated air defenses such as radar, antiair-
craft batteries, and surface-to-air-missiles,
the danger from small-arms fire becomes
acceptable when compared to the danger
at medium to high altitudes from the
sophisticated weapons. In regard to accu-
racy, the greatest crror arises from the
drifting of the cargo due to the wind. It is
agreed that were the winds known pre-
ciscly, the aircraft navigator could posi-
tion the aircraft properly to permit accu-
rate delivery of the cargo. However, in gen-
eral, cargo aircraft do not carry navigation
equipment capable of measuring precisely
the total effect of the winds from aircraft
altitude to ground level. Thus, the present
solution to the accuracy problem is to sub-
ject the cargo and its decelerator to the un-
known winds for the shortest period of time
possible by airdropping from the lowest
altitude possible.

3—61 PROBLEMS IN DEVELOPMENT. Presently,
using minor modifications of standard tech-
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niques, cargoes weighing up to 10,000
pounds can be successfully airdropped from
altitudes as low as 750 feet. Heavier car-
gocs require somewhat higher altitudes. It
is interesting to consider whether airdrop
from altitudes of 500 feet or lower is
theoretically possible with the initial con-
ditions encountered in airdrop operations.
In the ideal case where the cargo and
decelerator are considered a point mass
and the cargo is decelerated at constant
magnitude independent of velocity, the
minimum altitude required for the horizon-
tal velocity of the cargo to be reduced to
essentially zero is a function only of the
initial velocity and the magnitude of the
deceleration. Currently used design values
for these paramecters arc 130 knots air-
speed and a maximum force exerted by the
decelerator on the cargo equal to 3 g’s.
With these initial conditions, the minimum
altitude possible is found to be approxi-
mately 50 feet. Of course, the actual per-
formance is far from the ideal case for a
number of reasons. Firstly, the cargo and
decelerator do not act as a point mass but
deviate markedly from the path of the cen-
ter of gravity of the cargo-decelerator com-
bination. This results not only from the
usual oscillation of unstable parachutes,
but primarily, in the case d heavy cargoes
with clusters of large parachutes, from the
fact that the recovery parachutes, because
o their great inertia and their long dis-
tance from the cargo, do not remain aligned
with the instantancous velocity vector of
the cargo. Rather, the velocity vector of
the parachutes lags behind the cargo
velocity vector such that when the cargo
is retarded to zero horizontal velocity, the
parachutes are applying a force with still
a large horizontal component. The motion
o the cargo that results is a highly damped
oscillation which contributes to the amount
of altitude required to reach equilibrium
conditions (Fig. 3—I1). Secondly, with most
aerodynamic decelerators, the various
tricks, such as staged parachutes, staged
reefing, and continuous disreefing used in
an attempt to maintain constant retarda-
tion force as the velocity decays rarely do
the job completely.
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DESIRED POSITION

OF RECOVERY PARACHUTE CARG O TRAJECTORY

ACTUAL POSITION
OF RECOVERY PARACHUTE

FIGURE 3-7. CARGOOSCILLATIONDUE TO LAGGING
PARACHUTES

3-5.2 SYSTEM CONCEPTS. In considering the
foregoing, it has become apparent that air-
drop probably can be conducted at the
desired low altitude, but that significant
changes in airdrop technique will be re-
quired in order to do so. Some of the con-
cepts which have been studied are de-
scribed in the paragraphs which follow %33 .

3—5.21 Extraction by Recovery Parachutes(Fig.3 —2).

In this concept, the standard two-stage
mecthod of airdrop —i.¢., extraction of the
cargo from the aircraft using a relatively
small ring-slot parachute and recovery of
the cargo using clusters of large recovery
parachutes —is replaced by a one-stage
mecthod where the clustered recovery para-
chutes, while reefed, are used to extract
the cargo and then, after disreef, recover

34

the cargo. This reduces the loss of altitude
which occurs during parachute deployment
in the standard system.

3—5.2.2 Retro-rocket Deceleration (Fig.3—3). T his
concept uses a cluster of small parachutes
to stabilize and initially decelerate the car-
go. A short time before ground impact,
ground-sensing probes fire clustered retro-
rockets which provide final deceleratioq of
the cargo. The velocity of the cargo before
firing is approximately 70 feet per second
and, at ground impact, is approximately 25
feet per second. The use of retro-rockets
alone, without parachutes, has not been
considered because of the anticipated
problems associated with cargo orientation
and stability and because of the rather
large size of the rocket motors that would
be required to dissipate the total energy
of the cargo.

3—5.2.3 Retardation by Aircraft Kinetic Energy
(Fig.3—4). This concept essentially negates
the need for aerodynamic deceleration of
the cargo by allowing the cargo which is
suspended from an overhead trolley to
travel down a long parachute-stabilized
cable which is towed bchind the aircraft.
During the motion of the cargo, the cable
is alternately winched in and allowed to
payout as required. At the time when the
vertical and horizontal velocities of the
cargo are close to zero, the cargo is re-
leased from the trolley and allowed to free-
fall a short distance to the ground.

3—5.2.4 inflation Aids (Fig.3—5). This concept
considers the use of special devices other
than propellant actuated devices to de-
crcasc the opening times of the large re-
covery parachutes. In this study, spring-
loaded pockets are located at a number of
points about the circumference of the
canopy skirt. Preliminary ground tow tests
have shown that the radial forces produced
by these cusps materially reduce the open-
ing times of the parachutes.

3—5.2.5 Elevation of Recovery Parachutes (Fig.3—6).
This concept uses a gliding parachute or
flexible wing to raisc the opening recovery
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FIGURE 3-2. EXTRACTION BY RECOVERY PARACHUTES

parachutes above their normal zero-lift
trajectory and, in some cascs, above the
flight path of the aircraft. This permits the
aircraft to fly at a low altitude and yet
allows the parachutes enough time of fall
to permit normal canopy opening rates.

3=5.26 Parachute Reel-inReel-out (Fig. 3—7). This
concept uses a powered winching device
located between the recovery parachutes
and the cargoto cither decreasc or increase
the distance between the parachutes and
the cargo during the trajectory to (1) main-
tainhigh relative velocities of the airstream
with respect to the parachutes, (2)reduce
the velocity d the cargo with respect to
the ground prior to impact, and (3) to re-

lieve unwanted high forces on the cargo at
appropriate times.

3—5.2.7 Rotating Decelerators (Fig. 3—8). This con-
cept considers the use of rotors to provide
aecrodynamic deceleration in place of the
recovery parachutes. The particular sys-
tem being studied incorporates deployable
flexible rotors of sufficiently large diameter
to preclude the need for flaring prior to
impact in order to reduce the impact
velocity to an acceptable level. It is esti-
mated that, for a 35,000-pound cargo, a
280-foot diameter rotor would be required.

3—6.2.8 Ground-slide Airdrop. This concept is a
very different one from the others in that

35
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FIGURE 3-3. PARACHUTE RETRO-ROCKET
DECELERATION

the horizontal velocity of the cargo is not
reduced to near zero prior to ground im-
pact. In this concept, the aircraft flies at an
altitude on the order of 10 feet above the
ground over a somewhat prepared surface.

\Z/“ ~

The cargo is extracted from the aircraft,
free-falls to the ground, and slides to a stop.
Presently, there are many different sys-
tems in various stages of study that fall
within this basic concept. One of these em-
ploys a ground-based energy absorber
(Fig. 3—9) to extract and horizontally de-
celerate the cargo. The aircraft trails a tail
hook which engages a cross runway
pendant which is attached to an absorber
unit on either side of the landing site®. A
comparison of ground based energy ab-
sorber units is listed in Table 3—1. Another
method consists of using an extraction
parachute to extract and horizontally de-
celerate the cargo (Fig. 3—10). Figure
3—11 shows the horizontal and vertical
velocity components of a cargo dropped
from a given height and subjected to a
given extraction acceleration at an air-
speed of 150 knots.

3—6 HIGH ALTITUDE AIRDROP

In some instances, it may be necessary
to airdrop supplies from aircraft flying at
altitudes considerably higher than 1500
feet due to the altitude of the drop zone.
Recently attention was focused on the
possibility that requirement may exist to
airdrop personnel, supplics, and equipment
onto drop zones which are from 14,000 to
18,000 feet above sca level. In examining

=)
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FIGURE 3—4. RETARDATION BY AIRCRAFT KINETIC ENERGY
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FIGURE 3-5. PARACHUTE INFLATION AIDS

the problems associated with such a re-
quirement, certain factors become apparent
which would have a bearing on any con-
templated use o lower aircraft altitude for
airdrops onto drop zones at high clevations.
These factors included increase in rate of
descent, increase in time to reach equilib-
rium velocity and a stable descent.

In other instances, and especially under
combat conditions, it may be desirable to
airdrop from altitudes that are in excess
of 1500 fect above the terrain, regardless
of drop zone elevation.

In general, there are two concepts of
this type of high altitude airdrop. The first
concept involves stabilized high velocity

descent of the cargo from a high altitude
to a lower predetermined altitude where a
sccond stage of decelerating force is sup-
plied to land the cargo at a low impact
velocity. The second concept in high alti-
tude airdrop is that of offset delivery, which
is based on the use of a gliding acrody-
namic shape such as a paraglider (par.
3—38). Other devices include flexible deploy-
able rotors or stecrable gliding parachutes.

3—6.1 ADVANTAGES

3—6.1.1 First Concept. Examining the first con-
cept, the high velocity is desirable because
it reduces wind effects, thus providing a
more predictable trajectory. The second

3—7
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TABLE 3-1. COMPARISON OF GROUND-BASED ENERGY ABSORBERS (135 KNOTS ENGAGING

20,000 LB 35,000 LB
ENERGY ENERGY EQUIP REQD ENERGY EQUIP REQD
ABSORBING ABSORBER FOR ABSORBER FOR
DEVICE WT (1b) FIRST ARREST WT (1b) FIRST ARREST
LINEAR 32,145 15,300 1b 64,290 30,600 1b
HYDRAULIC (2 Units) H,0 (4 Units) H,0
LINEAR 3,000 6,000
FRICTION . .
(Sliding Brake (1 Unit) (2 Units)
Carriage)
ROTARY 9,100 1,200 1b 17,920 2,400 1b
HYDRAULIC (2 Units) H,0 (4 Units) H,0
ROTARY 5,665 16.6 1b 11,230 33.6 1b
FRICTION (1 Unit) H,0 (2 Units) H,0
Each Arrest Each Arrest
METALLIC 1,420 1,080 1b 2,840 1,880 1b
DEFORMATION (1 Unit) Steel Ribbon (2 Units) Steel Ribbon
Each Arrest Each Arrest
LINEAR 4,820 9,640
FRICTION
(Internal Feed (2 Units) (4 Units)
Ribbon
LINE AR 6,020 12,040
FRICTION
(Drum Wound (2 Units) (4 Units)
Ribbon)

stage o deceleration, which reduces the
impact velocity to a desirable level, may
be actuated by any number of means, in-
cluding electrical, mechanical, hydraulic,
radio, or radar device. One such system
employing a radar device is shown in Fig
3—12, Initiation of the second stage may
be controlled from the ground or aircraft
if radio devices are employed. This affords
an option of destroying the cargo, if there
is a danger of its landing in enemy-held
territory, by the simple expedient of not
initiating the second stage of deceleration.

3—6.1.2 Second Concept. The major advantage
o the second concept, as described in para-
graph 3-8, is its ability to glide to a re-
covery site from a remote release point.

3—6.2 PROBLEMVS IN DEVELOPVIENT
3-6.2.1 First Concept. Examining the first con-

cept, the second stage of deceleration or
main recovery parachute must be deployed

at a predetermined height by a height-
above-ground sensing device. Two parallel
developmental approaches to this problem
arc being conducted simultancously =—one¢
a radar device and the other a mechanical
device. The major developmental effort 18
being applied to a radar distance-meas-
uring device. This device uses a minia-
turized radar transmitter and receiver as
the height-above-ground sensing device.
This system continuously measures the
height of the load above ground until, ata
predetermined height, a mechanical device
is triggered by the radar signal to deploy
the main recovery parachute. The radar
device determines the predetermined
height above ground by measuring the time
for a radar signal to travel from the air-
dropped load to the ground and be reflected
back to the load. In operation, the radar
transmitter sends out an extremely short
burst o radio frequency energy; then the
transmitter is turned off and the receiver
turned on automatically. This procedure is
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FIGURE 3-6. ELEVATION OF RECOVERY PARACHUTES

repeated continuously and at an extremely
high repetition rate. An clapsed time com-
parison circuit in the device compares the
clapsed time of the ground reflected signal
with the time built into the system corre-
sponding to the predetermined altitude at
which the main recovery parachute is to
be deployed. When these two times become
cqual, the main recovery parachute is de-
ployed to provide a 25-fps ground impact.

The alternate parallel approach uses a
mechanical device rather than the radar
device in an effort to reduce costs and com-
plexity. This alternate mechanical device
consists of a mechanical release and a
dropline. In operation, when the dropline

touches down, the reduced tension in the
dropline triggers the mechanical release
and initiates deployment of the main re-
covery parachute.

3—6.2.2 Second Concept. Examining the second
concept, the desirability of good gliding
properties is offset in many cases by the
necessity for a flare mancuver which is
needed to reduce the horizontal velocity
which the suspended cargo acquires during
flight. The nature of such offset delivery
systems involves costs and complexities for
which reasonable trade-offs have not yet
been established in relation to the military
mission for which such systems might be
required.

3-9
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3—7 AIR PICKUP

Air pickup is the utilization of fixed-wing
aircraftto rescue personnel or pick up high-
priority cargo where terrain, time, and
other factors preclude the use of helicopters
or fixed-wing aircraft landing and takecoff
operations.

The equipment and procedures neces-
sary to prepare and rig the components of
the U. S. Army air/ground pickup system
of personnel for airdrop from an appro-
priate aircraft are outlined in TM 10-500-1.

310

Two different airdrop loads are coveredin
TM 10-500-1. One is a kit used when the
pickup will be made from land; the other is
a water pickup kit. The rigged load for
either pickup kit can be dropped from the
door or ramp o any aircraft in the normal
manner, provided it comes within the bun-
dle limitations of the particular aircraft.

The rigged load of the land pickup kit
weighs 25 pounds. It is 48 inches high, 43
inches wide, and measures 20 inches from
front to rear. The rigged load o the water
pickup kit weighs 297 pounds. It is 36
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FIGURE 3-8. ROTATING DECELERATORS

inches high, 26 inches wide, and 64 inches
long.

3—8 OFFSET DELIVERY

One of the most promising approaches
to the concept of offset delivery is the use
of a paraglider, sometimes called the
Rogallo wing or flex-wing'®% 1?2 | The para-
glider is a flexible, delta-shaped wing that
is made by suspending a flexible mem-
branc between a rigid keel and cach of
two rigid leading edges (Fig. 3—13). The
paraglider concept offers the capability of
gliding controlled descent.

Packaging characteristics of inflatable
versions of the glider are similar to those
of parachutes. The glider can be folded
and stowed in a comparable space and
deployed under much the same circum-
stances as a parachute (Fig. 3—14) . Some
versions incorporate rigid wing leading
cdges and keels with the flexible membrane

suspended between them. Recent effort in-
dicates that “‘limp” paragliders,i.e., shaped
planforms without rigidized leading edges
and keels, are feasible.

A major advantage of the paraglider is
its ability to glide to a recovery site from a
remote release point. Glide ratios of 3to 1
are casily obtainable, so that a release
from 10,000 feet will yield a range to im-
pact point of almost 6 miles, or a glider
released from 30,000 feet will travel about
17 miles. Glide ratios and ranges of about
twice these figures appear possible ' 1314 |
Remote release points such as these afford
the cargo aircraft maximum safety during
delivery near heavy enemy defenses.

Recovery point errors down to a 100-
foot radius have been obtained with auto-
matically homing paragliders. The glider is
guided by changing the location of the
center d gravity with respect to the center
of pressure. In some systems, this is done

3—11
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by varying the cable lengths with which the
load is attached, thereby causing an un-
balance which results in a change of the
wing attitude. If the unbalance is in the
lateral direction, the glider will enter a
turn; if in the longitudinal direction, the
angle of attack, and consequently the glide
ratio, will change. A small radio control
receiver is used on the glider to sense
direction to a ground-based transmitter and
produce turn signals in proportion to the
azimuth error. This type apparatus gives
the glider a unique all-weather capability
by virtue of the factthat it can be launched

AMCP 706-130

above an overcast and will proceed to the
recovery site automatically.

The landing phase, or flare, of the para-
glider is accomplished by increasing the
angle of attack of the wing just prior to
touchdown. This has the effect of increasing
lift and drag, thus reducing vertical and
horizontal velocity of the suspended cargo.
The design of the flare mancuvers must
then consider trade-offs of horizontal vs
vertical velocity which can be tolerated by
the cargo in making a safe landing.

Paragliders may be configured in any of
several different arrangements. Theinflata-
ble version may be packed and deployed
like a parachute (Fig. 3—14). After deploy-
ment, a self-contained inflation mechanism
inflates the wing leading edges and keel.
Another configuration uses rigid wing lead-
ing edges and keel, folded and transported
as shown in Fig. 3—I5. Loads are sus-
pended either by flexible cable or a rigid
structure. Another technique in the use of
paragliders is that of towing them with
another aircraft, as shown in Fig. 3—I6,
Towing is accomplished with helicopter or
fixed wing aircraft. Helicopters are able to
tow payloads near two-thirds of their own
gross weight®©. TLanding distances of the
gliders vary from 200 to 600 feet.

Paragliders are presently under develop-
ment for delivery of 500-pound cargos.
Future effort will concentrate on extending
the capability to 2000 pounds.
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PHASE

3 DEPLOYMENT PHASE
AT PREDETERMINED
ALTITUDE

4 MAIN RECOVERY PARACHUTE DEPLOYED

EXTRACTION, PARACHUTE MAIN
MECHANICAL RECOVERY

BATTERY

ACTIVATING RELEASE PARACHUTE

LINE

RADAR

ALTITUDE  CAVITY

SENSOR  ANTENNA ELECTRICAL CABLE
LOAD RIGGED FOR DROP
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SECTIONII
AIRDROP EQUIPMENT

3—9 SKATE WHEEL AND BUFFER BOARD
SYSTEM

The skate wheel and buffer board sys-
tem is used in CV-2 and C-119 aircraft
(Figs. 3—17 and 3—18). This system con-
sists of skate wheel roller conveyors and
forward and side buffer boards. The skate
wheel roller conveyors, Military Specifica-
tion MIL-C-5927B, facilitate the movement
of cargo as it leaves the aircraft. The con-
veyors are secured to the cargo floor with
tiedown clamps. Conveyors for the cargo
compartment are assembled from sections
of conveyors cither 8 or 10feet long and 1
foot wide. Ramp conveyors for the CV-2
aircraft are 44 inches long. Each conveyor
section has a rod at one end and two hooks

5 50k
L

LI

at the other, making it possible to hook the
sections together end-to-end to make a
column as long as required. The conveyor
frames arc aluminum alloy and the axles
and skate wheels are steel. Holes are pro-
vided in the frames to allow the sections to
be bolted together when sections of the
same length are placed side by side.

The side buffer boards arc installed in
the aircraft to enclose the cargo between
smooth surfaces, in order to prevent the
cargo from being obstructed as it leaves
the aircraft. The.forward buffer boards are
installed on the conveyors to prevent for-
ward movement of the cargo after the tie-
downs have been removed. If the location
of each load is predetermined, the forward

{
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FIGURE 3-77. SKATE WHEEL AND BUFFER BOARD SYSTEM INSTALLED IN CV-2 AIRCRAFT
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FOR AIRDROP OF A-22 CONTAINERS)

buffer boards may be installed before the
aircraft is loaded; otherwise, they are posi-
tioned after the platforms are in place. Two
ramp buffer plates on the CV-2 aircraft
protect the ramp support arms. Side buffer
boards for the C-119 aircraft are provided
with hooks for securing them to the lower
troop scat rail. The CV-2 side buffer boards
are secured to the sides of the aircraft with
screws and nuts.

Procedures for installing the skate wheel
and buffer boards in C-119aircraft are con-
tained in T.0O. 1C-119B-9 . Procedures for
installing skate wheel and buffer boards in
CV-2 aircraft are contained in TM
10-500-5%.

3—9.1 ADVANTAGES AND DISADVANTAGES

a. The advantages of the skate wheel
and buffer board system are economy, easy

installation and removal, and the capability
o the conveyors to be adjusted to conform
to the width dof the cargo.

b. The disadvantage is danger to per-
sonnel. In this system, rigged loads must
be secured with tiedown devices to the air-
craft floor to provide the inflight restraint
criteria. These restraint devices must be
manually detached prior to airdrop.

3—9.2 RESTRAINT CRITERIA FOR TIEDOWN. When
platforms must resist the extraction force,
and when the extraction force is applied to
the load, the loads shall be restrained to
the platform in all directions with minimum
load factors of 2 g's. For gravity ¢jections,
the load shall be restrained to the platform
with a minimum load factor of 1 g in all
directions.
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Rigged platforms shall be restrained to
the aircraft floor with tiedown devices to
the following criteria:

Lateral Aft Up
15¢g 15¢g 20¢g

Forward
40¢g

3—9.3 TIEDOWN PROVISIONS. Ticdown provi-
sions utilized in the skate wheel and buffer
board system are the restraint devices pro-
vided with the aircraft and the tiedown
rings in the aircraft in which the system is
used.

3-40 MONORAIL SYSTEM

Rapid dispersal of supplies and equip-
ment can be accomplished through the
monorail door by the overhecad monorail
system, Military Specification MIL-A-
9153A, installed in the C-119 aircraft. The
monorail system consists of 20 trolleys sus-
pended from an overhead monorail, anelec-
trically driven drum and cable, bundle
guides, an anchor cable, and a trolley actu-
ating system (Fig. 3—19). The trolleys are
moved along the overhead monorail by the
motor-driven cable. When the trolley
reaches the release point, triggers opcrate

F ORWARD LIMIT SWITCH

PULLEY

a latch to release the bundles through the
monorail door. Up to twenty 500-pound
bundles can be released in a period of 7 to
8 seconds. For bundle size limitations, refer
to par. 4—28.1.

In addition to dispersingbundles through
the monorail door, the monorail system on
the C-119 is used to provide a positive ex-
traction force for airdrop of A-22 containers
from the aft end of the aircraft. This
method of extracting A-22 containers is
called the Sling Shot Aerial Delivery Sys-
tem'. It incorporates a continuous cable
and sling arrangement attached tothe over-
head monorail. The cables extend from the
No. 20 trolley on the monorail to pulleys
located aft of the load on cach side o the
cargo compartment. The two cables are
joined togecther around the front of the
load by cotton webs. The load is restrained
from forward and aft movement by 10,000-
pound capacity tiecdown chains during take-
off and in flight. Just prior to airdrop, the
load is restrained from forward movement
by a stecel plate.

The advantage of the Sling Shot Aecrial
Delivery System compared to the gravity
method o extraction is that it provides a

CABLE AFT
DRUM\ PU LL\EY

AIRDROP BUNDLES

MONORAI
DOOR

CARGO
FLOOR

BUNDLE GUIDE
CURTAIN

FIGURE 3-19. C-119 OVERHEAD MONORAIL SYSTEM
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means o determining the exact time re-
quired to extract specific loads, which is
necessary for an accurate Computed Air
Release Point (CARP). When the gravity
method is used for extracting loads, time
required for loads to exit the aircraft some-
times varies to such an extent that an
accurate CARP cannot be determined, re-
sulting in delivery being accomplished out-
side the drop zone. (Each second the load
remains in the aircraft after the CARP
causes additional errors o approximately
225 feet.)

3—11 DUAL-RAIL SYSTEMS

The dual-rail cargo handling system
(463L) provides the capability to sately
handle equipment and supplies for aerial
delivery and to expedite the handling of
palletized cargo for terminal-to-terminal
operations. The dual-rail systemis basically
a system of roller conveyors with addi-
tional features for restraint and release of
cargo. It facilitates loading, securing, and
parachute-extracted unloading o prepared
loads. These loads are locked and released
automatically by remote controls, thus en-
abling an operator to engage or disengage
the locking mechanisms without placing
himself in an unsafe position. Dual-rail sys-
tems are used in C-130, C-141, and CV-7A
aircraft.

Airdrop platforms to be used with dual-
rail systems shall be configured to fully
utilize the dual-rail rollers. Figure 3—20
provides information as to the configuration
and mating clearances o the restraint rail
lip and the pallet/platform lip.

3—11.1 MODEL AF/A32H-1A DUAL-RAIL SYSTEM.
The model AF/A32H-1A is an aircraft kit
installed in C-130 aircraft to facilitate the
handling o cargo pallets or airdrop plat-
forms with widths of either 88 or 108 inches
(Fig. 32 1). Type HCU-6/E and HCU-10/C
pallets and modular airdrop platforms with
type I or type II side rails can be used
with this system. If the maximum allowable
cargo weight is not exceeded, up to five
loaded pallets or platforms can be loaded
onto the conveyor section.

AMCP 706-130

4 IN. ON MODEL 111472 :T;DL?OC;R
AF/A32H-1A DUAL- PLA
RAIL/SYSTEM B oM
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FIGURE 3-20. DETAILS OF RESTRAINT RAIL LIP AND
PALLET ORPLATFORMLIP

The model AF/A32H-1A dual-rail sys-
tem consists of 10 conveyor frame assem-
blies, 14 intermediate conveyor frame as-
semblies, and 2 extension rails (I"ig. 3—22).
The conveyor frame assemblies are
mounted on both outboard sides of the air-
craft cargo floor and ramp. The extension
rails are mounted on the cargo floor and
bridge the cargo floor conveyor frame as-
semblies to the ramp conveyors. The inter-
mediate conveyors are mounted on the
cargo floor and ramp and are centered be-
tween the conveyor frame assemblies. Ver-
tical and lateral restraint of platforms and
463L-type pallets are provided by the con-
veyor frame assembly rails. Rollers in the
conveyor frame assemblies provide vertical
support for the loaded pallets or platforms.
Forward and aft restraint are provided by
mechanical locks in the conveyor frame
assemblies. Two sets of controls actuate
the locking and rclease mechanisms. One
set of controls actuates the left-hand mech-
anism, and one set actuates the right-hand
mechanism.

3—11.1.1 Fixed-pin Latch Assemblies. There are
five pairs of fixed-pin latch assemblies
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FIGURE 3-22. MODEL AF/A32H-1A DUAL-RAIL SYSTEM COMPONENTS

(Fig. 3—23) mounted on the conveyorframe
assemblies. The fixed-pin latches engage
restraining pins on the modular platforms
which prevent fore-and-aft movement. The
left-hand latch assemblies provide both for-
ward and aft restraint. The right-hand latch

3—22

assemblies are mounted directly opposite,
and provide only forward restraint. The
right-hand latch assemblies supplement the
restraining capability of the left-hand latch
assemblies to prevent forward movement of
platforms under abnormal conditions (such
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FIGURE 3-23. FIXED-PIN LATCH ASSEMBLIES

as a forced landing). The fixed-pin latch
assemblies are manually raised to accept
and engage the platform restraining pins
as cach platform is loaded into the aircraft.
During airdrop, the latches are unlocked
mechanically by the first extraction para-
chute which pulls a cable to release the
latch hook retainers. With the hook re-
tainers released, aft movement of the plat-
form rotates the hooks upward to release
cach platform. Al left-hand fixed-pinlatches
are released simultaneously so that plat-
forms are only minimally restrained by
breakcords until their respective extraction
parachutes deploy and inflate to a force
level exceeding the breakcord strength
(par. 3—25.2.1) . The raised fixed-pin latch
assemblies are then depressed in sequence
by the platform restraining pin of cach
platform as it moves aft. The fixed-pin latch
assemblies will eventually be obsoleted by
the detent latch assemblies.

3—4 1.1.2 Detent latch Assemblies. Ten variable
restraint detent latches are mounted on the
right-hand rails. Each latch has a constant

forward restraining force of 20,000 pounds
and a variable aft restraining force of 250
to 4000 pounds. The latch detents are
spring-loaded. When the latches are placed
in the engaged position, the detent projects
through the rail and mates with the pallet
or platform indent. The pallet or platform
is then restrained in the aft direction an
amount c¢qual to the force preset into the
spring. The detents will disengage and re-
main disengaged when the preset force is
overcome by an aft-directed force (extrac-
tion parachute) on the platform.

Ten detent latches are also mounted on
the left-hand rails, directly opposite the
right-hand detent latches. Each left-hand
detent latch, when engaged, is capable of
providing a restraining force of 20,000
pounds forward and 10,000 pounds afi.
When unlocked, latch detents will retract
into the rail due to aft movement of the
platform.

With this type of restraint system, it is
possible to design within the requirements
o both airdropping and logistical roles, with
particular references to g-loading factors.

3—23
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FIGURE 3-24. MODEL A/A32H-4 DUAL-RAIL CARGO HANDLING SYSTEM (C-130)

3—4 1.2 MODEL A/A32H-4 DUAL-RAIL SYSTEM. The
model A/A32H4 dual-rail system (Flig.
3—24)is similar to the model AF/A32H-1A
dual rail system described in paragraph
3—11.1. The model A/A32H-4 dual-rail
system is installed in C-130 aircraft and
consists of 12 outboard conveyor frame as-
semblies, 17 intermediate conveyor frame
assemblies, and 2 extension rail assem-
blies. There are 11 detent latch assemblies
mounted on each side of the rail assem-
blies. This system does not incorporate
fixed-pin latch assemblies for forward and
aft restraint of loads. This system employs
only the indent/detent restraint system
where the detent latch assemblies engage
with series of notches or indents on each
side of the pallet or platform. Type HCU-
6/E and HCU-10/C pallets and modular
airdrop platforms with type II side rails
are used for cargo loads with this system.

3—11.3 C-141 INTEGRAL SUBSYSTEM. The inte-
gral subsystem used in the C-141 aircraft
consists of roller conveyor sections and
dual restraint rails with indent/detent
restraint system and remote controls (I'ig.
3—25). The conveyor sections are turned
over and locked into recesses in the cargo
compartment floor when not in use. The
restraint rails forward o the troop doors
ar¢ folded up under the side walkways

3-24

when not in use, and the remaining rails
are stowed as loose equipment. This sys-
tem uses the type HCU-6/E pallets and
modular airdrop platforms with type II side
rails for cargo loads.

3—414 CV-TAINTEGRALSUBSYSTEM. The inte-
gral subsystem used in the CV-7A aircraft
consists d stowable roller conveyors and a
side guidance and restraint rail system to
permit the use of palletized cargo. The
CV-7A integral subsystem is functionally
the same as the C-141 integral subsystem
described in par. 3—11.3. Restraint guide
rails on each side of the cargo floor pro-
vide vertical and lateral restraint for
modular platforms during takeoff, flight,
landing, and ejection from the aircraft. The
rail assembly cxtends lengthwise on cither
side of the cargo compartment for a length
of 30 feet, 10 inches. It also extends the
full length of the ramp. Fore-and-aft re-
straint is provided by locking mechanisms
integral with the guide rails. The control
system is capable of sequentially disen-
gaging the fixed restraint locks, starting
with the aftermost lock, and of sequentially
engaging the fixed restraint locks, starting
with the forwardmost lock. The CV-7A inte-
gral subsystem is restricted to a maximum
nominal platform width of 88 inches.
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FIGURE 3-25. INTEGRAL SUBSYSTEM CARGOHANDLING SYSTEM (C-141)

3-11.5 VARIATION IN DUAL-RAIL SYSTEMS. Par-
ticular note should be taken of the fact
that while dual-rail systems used for air-
drop are functionally similar, detailed
differences occur among the various types
of aircraft. These differences cannot be
neglected in the design of compatible air-
drop hardware. Variations in roller
strength, placement and size, and differ-
ences in rail profile configurations must be
carefully noted in the establishment o de-
sign criteria for mating hardware,

MANUAL
COCKING
CABLE

3-42 PENDULUMRELEASE

The pendulum release is used to release
the extraction parachute. A typical pen-
dulum release consists of a bracket in which
a bomb rack is mounted, a pivot arm, a
manual cocking cable for the bomb rack,
an electric release system which is used
for normal release of the bomb rack, and a
manual emergency release cable (Fig.
3—26). The device is attached to overhead
frame members above the cargo floor and
is on the centerline of the aircraft.

BOMB RACK

FIGURE 3-26. TYPICAL PENDULUM RELEASE
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An extraction parachute (par. 3—16) is
retained in a horizontal position by the
pendulum release, engaging V-rings
secured to the deploymentbag (Fig. 3—27).
A short pendulum line runs from the
deployment bag to a notch in the pivot
arm. When the bomb rack is actuated, the
parachute falls as a pendulum in an arc
around the end of the pivot arm until a
satisfactory release-attitude is reached for
deployment. At this point, the loop in the
pendulum line slips from the notch and the
parachute is then free to be carried &t
through the cargo door and is subsequently
deployed by the airstream.

3—43 ANCHOR LINE CABLES

Anchor line cables provide an attach-
ment point for the static lines. Two static
lines are required for the C-119, €-123,
C-130, and C-141 aircraft. The CV-2B uses
one static line. The anchor line cable must
be kept free from obstructions between the
static line connection and the att cable sup-

port. The static line must be connected in
a manner to move freely on the anchor line
cable within a 30-degree angle of pull. As
the load is pulled from the aircraft by the
extraction parachute, the static line moves
along the anchor line cable until it reaches
the cable stop near the aft cable support.
Cotton reinforcing tape, securing the static
line to the load, prevents drag forces
created by movement of the static line
along the anchor line cable from being
transmitted to the static line knife. When
the static line reaches the cable stop, the
tape is broken and the static line knife cuts
the extraction line connector strap. This
transfers the extraction force to the deploy-
ment line of the recovery parachute(s). All
static lines shall have a maximum break-
ing strength of 2900 pounds and a trailing
length no greater than 17 feet. All hard-
ware on a trailing static line located more
than 2 feet aft of the attachment fitting to
the anchor line cable shall be padded to
protect the airframe from possible damage.

FLIGHT DIRECTION ’
AIRCRAFT CEILING

PENDULUM RELEASE RECOVERY PARACHUTE
PENDULUM LINE
LOAD
EXTRACTION PARACHUTE i
EXTRACTION LINE 4 Q
{
W)
= . =
‘ LOAD EXIT
EXTRACTION LINE STOWED
casco fLos REHARS
CONVEYOF
PLATFORM
e L L | 1
Qoro o 00 Qo O [elile Mo o)

FIGURE 3-27. EXTRACTION PARACHUTE INSTALLED IN PENDULUM RELEASE
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SECTIONIlI
AIRDROP EQUIPMENT GROUP

3-44 GENERAL

The primary objective of an airdrop sys-
tem is to achieve the capability of deliver-
ing a varicty of vehicles, weapons, heavy
cargo, and miscellaneous supplies to any
strategic locality in such a manner that
they will be usable within a minimum
amount of time and with minimum hazard
to personnel involved. Present airdrop sys-
tems achieve this capability by employing
airdrop equipment contained in the follow-
ing groups.

a. Recovery Parachute and Disconnect
Group. The equipment in this group must
be capable of producing the proper rate of
descent. Equipment is also provided in this
group for releasing the recovery parachute
upon ground contact to prevent overturn-
ing or dragging of the load during high
ground-wind conditions.

b. Extraction and Force Transfer
Group. The equipment in this group must
be capable of producing the required cargo
extraction force and transferring this force
to deployment of the recovery para-
chute(s).

¢. Restraint Group. The equipment in
this group must provide longitudinal, lat-
eral, and vertical restraint for the load
based on the aircraft load factors. It also
restrains the airdrop item to the platform
during descent and impact.

d. Platform Group. This equipment
serves as a basc for rigging the load and
must provide support for the load while it
is in the aircraft, during descent, and upon
landing.

e. . Container Group. The equipment in
this group provides a means of dropping
small unit loads (100-2200 pounds) o
cquipment and supplies by parachute from
aircraft in flight.

. Energy Dissipation Group. The
cquipment in this group must provide

ground-shock attenuation to soften the im-
pact of the load and prevent damage duc
to ground impact shock.

3—15 RECOVERY PARACHUTE AND DIS-
CONNECT GROUP

3-4 5.1 RECOVERY PARACHUTES. cargo recov-
cry parachutes arc used in low-velocity air-
drop to retard the rate o descent of the
airdrop load to a level which will permit
landing of the load without damage. Cargo
parachutes may be used singly and in
clusters to obtain similar rates of descent
for a large range o airdrop item weights.
When used in clusters, the risers of the
parachute arc extended by means of slings
or riser extensions (par. 3—24.2).

3-15.1.1 Characteristics of Standard Types. The
flat circular canopy (Fig. 3—28) and the
shaped-gore canopy (Fig. 3—29) are the
two main types of parachute canopies used
in airdrop recovery systems. Both canopy

TYPICAL GORE

FIGURE 3-28. FLAT CIRCULAR CANOPY
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FLAT DEVELOPMENTS FOR:
a. SURFACE OF REVOLUTION
b. FLUTED SURFACE
c. PERIPHERAL LOBE

DESIGN PROALE

FIGURE 3-29. SHAPED-CORE CANOPY

types are reliable for airdrop recovery oper-
ations and have similar performance char-
acteristics when a solid textile material is
used in canopy construction as shown in
Table 3—2. Characteristics o standard car-
go rccovery parachutes using these cano-
pies are shown in Table 3—3.

3—15.1.2 DeploymentSystems. Cargo canopics
for 100- to 500-pound loads are packed in
the standard envelope pack. This pack is
attached to the load and does not assist
deployment. The static line is attached
directly to the apex of the canopy with a
breakcord of predetermined size placed be-
tween the apex and the free end of the
static line. The G-13 and the T-7 (as con-
verted for cargo) are most often used with
this system.

For cargo loads between 700 and 2200
pounds, utilizing an A-22 container and a
G-12D parachute, a nylon deploymentbag
is used. Deployment is initiated by a 68-
inch octagonal pilot chute, which 1s de-
ployed by a static line attached bthe air
craft.

For cargo loads between 2200 and
35,000 pounds, clusters o the G-12D or
G-11A parachutes are used. Both of theee
parachutes are deployed by the bag-type
deployment method.

3--15.1.3 Parachute Clustering. For the delivery
or final recovery of heavy loads or vehicles,
it is advisable to arrange moderately sized
canopics in a cluster, rather than increase
the diameter of a single canopy to the re-
quired dimension.

The drag efficiency of solid cloth cano-
pies arranged in a cluster decreases with
the number of canopies used. The reason
for this decrecasec may be scen in the

TABLE 3-2. TYPICAL PERFORMANCE CHARACTERISTICS OF SOLID TEXTILE PARACHUTE

CANOPIES8
CONSTRUCTED DIAMETER DRAG
SHAPE RATIOS COEFFICIENT | OPENING STABILITY
SHOCK
CANOPY TYPE FACTOR AVERAGE
AVERAGE | (INFINITE ICp/da ANGLE OF
PLAN PROFILE MASS) | (ABOUT 0 DEG
DD, | D,/D. | RANGE | (PRELIM 0sC
VIEW VIEW p/Dc | Do/Dc ANGLE OF
DESIGN) Ry (FREE
) DESCENT)
FLAT -0.70 1.00 Cp, Cp, <2.0 POSITIVE t30 DEG
CIRCULAR - 0.65 0.7%
TO
D¢ 0.90
SHAPED-GORE -1.0 1.41 Cp Cp -1.8 POSITIVE + 25 DEG
O N 0.65 0.7
TO
o 0.85
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TABLE 3-3. CHARACTER1:TICS OF STANDARD C

CANOPY SUSPENSION L INES
MAXIMUM NOMINAL DEPLOYMENT
ABBREVIATED |WEIGHT*|LOAD LIMIT| METHOD OF DIAMETEI | TYPE OF LENGTH TYPE OF |BAG AND/OR
NOMENCLATURE (Ib) (1b) DEPLOYMENT TYPE (ft) MATERIAL [NUMBER |(ft and in.) | MATERIAL PACK
G-1 and G-1A 25 300 Static Line Flat 24 4.25 oz 24 15¢1 0in. |1/2-inch Pack
Circular Rayon Cloth Type 1l
Rayon Tape
T-7A Converted 20 300 Static Line Flat 24 1.6 oz 24 16 £t 10 in. | Type 11l Pack
Circular Nylon Cloth- Nylon Cord
T-7 Converted 25 500 Static Line Flat 28 1.6 oz 28 22 ft 101in. | Type 111 Pack
Circular Nylon Cloth Nylon Cord
G-13 45 500 Static Line Parabolic Nominal— | 4.25 oz 20 |30f 0in. |Typel Pack
Shaped-Gore | 32.4 Type 1l Braided
Skirt — Cotton Rayon Cord
24.25 Muslin
G-12C 128 2200 Pilot €hute Flat 64 2.25 oz 64 51 ft O0in. |TypelV Pack
Circular Dobby Weave Braided
Nylon Cloth Nylon Cord
G-12D 128 2200 Pilot Chute Flat 64 2.25 oz 64 51 ft Oin. | Type IV Deployment
a Extraction Circular Dobby Weave Braided Bag
Parachute Nylon Cloth Nylon Cord
G-11 250 3500 Extraction Flat 100 1.6 oz 120 60 £t 0 in. | Type lil Deployment
Parachute Circular Nylon Cloth Nylon Cord Bag
G-11A 250 3500 Extraction Flat 100 1.6 oz 120 351t 0 in. | NypenlOord | Deployment
Parachute Circular Nylon Cloth Bag

*Approximate packed weight of entire paracl ytc assembly
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altered flow field around individual cano-
pies. This flow, on the other hand, improves
static stability of the cluster configuration.
A depiction of the drag coefficient versus
the number of canopies in a cluster is
shown in Fig. 3—30.

For canopies with geometric porosity,
such as ribbon or ring-slot types, the de-
crease in canopy drag efficiency with num-
ber of canopies in a cluster is negligibly
small. Here the flow field around the indi-
vidual canopies is not significantly altered
ar influenced by other canopies in the clus-
ter. In general, statically stable canopies,
when clustered, do not change their drag
cfficiency significantly. Statically unstable
canopies, however, show amarked decrease
in drag efficiency with number of canopies
in a cluster. The magnitude of decrease in
drag efficiency is a function of the static-
stability characteristic of the individual
canopy.

3—15.1.4 canopy Reefing. Canopy reefing is a
method by which the projected diameter of
a canopy is reduced temporarily or per-
manently — through the use o auxiliary
lines and mechanical accessories —result-
ing in a reduction of the drag arca o the
canopy. Reefing —as amethod of drag arca
control—may be applied for the following
purposes:

a. To limit canopy-opening force to a
predetermined value, through successive
steps of opening atpredetermined intervals,
called disreefing, or through controlled con-
tinuous disreefing.

1.0

bt
o

0.8

0.7

0.6

DRAG COEFFICIENT OF
SINGLE CANOPY

DRAG COEFFICIENT OF
CANOPY IN A CLUSTER

14
[T

045 1 2 3 4 5 6 7 8
NUMBER OF CANOPIES IN CLUSTER

FIGURE 3-30. AVERAGE DECREASING DRAG
COEFFICIENT RATIO (CLUSTERED)
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b. To attain a preliminary high rate of
descent by extensive reefing to achieve
accurate drops from high altitudes.

¢. To increase the stability o a canopy
— cither temporarily for a particular appli-
cation — or to adapt an available para-
chute to an application that requires in-
creased stability.

d. To minimize nonuniformity of infla-
tion time during the operation of clusters
o parachutes.

Reefing is not gencrally used in most
cargo parachute operations because cano-
pies are designed to withstand opening-
shock forces at normal deployment veloci-
ties. At present, reefing is confined mostly
to clusters o large parachute canopies,
where the reefing insures that all canopies
reach the same stage of inflation at the
same time. Disreefing of the canopies then-
results in an even deployment and mini-
mizes canopy damage.

3— 5.1.5 Reefing Methods.

3—15.1.5.1 system!. The most frequently
used reefing method, called skirt-reefing
(Fig. 3—31), is recommended where one-
step disreefing or a short reefing period is
desired. In this method, a line — called the
reefing line — is placed around the skirt of
the canopy. The reefing line is guided in
small metal reefing rings, which are fas-
tened on the skirt on the inside of the
canopy at each suspension line. The reefing

o /,——1“%&\
( # \J o | \

/ \
I
DISREEFERS\ r ‘ L S '!’
\\ /
REEFING  \ /
,J LINE \ | ;r’
REEFING | | | \ /
RINGS (N \ /
bl \ /
byl \ /

FIGURE 3-37. REEFING SYSTEM 1




line is fastened at both ends and is cut with
a disreefing device after a certain delay
period. At least two disreefing devices are
recommended for reliability and quicker
opening of the parachutes.

3—15.1.5.2 system ll. For longer or variable
periods, reefing system 1l (Fig. 3—32) is
advisable. In this method, the reefing line
is guided through reefing rings inside the

FAROPLadie out from She Sl RIS
(Fig. 3—32)and connected with the control
line at point B. By retraction of the control
line, the canopy is reefed, and by extension
of the control line, it is disreefed. Applica-
tion of this system for continuous disrcef-
ing is feasible and depends primarily on
the design and operation of the disrecfing
device. The control line is connected with
the disreefing device at the suspension-
line connecting point, to the suspended
load, or in the aircraft. This method is par-
ticularly adaptable to designs in which dis-
reefing must be a function of several varia-
bles and require a large and complicated
actuating device.

3-15.1.5.3 system 111, The schematic outline
of this method is shown in Fig. 3—33. View
(C)illustrates the canopy at various stages
of reefing. The canopy is reefed by pulling
the vent down inside the canopy, as op-
posed to a skirt restriction method. The
force required to pull thevent downamounts
to approximately onec-half the total force

//’_\\ //4‘_\\
l\] | \ / ' \\

. FASTENING / A
PoNTs [N N

| Ye [ T ReEFNG /
REEFING | tN \ /
RINGS | \ oy
f \
| f \ /
controL || \ /
LINE b | y i
\

I/
}E,iL- DISREEFER \H'(

FIGURE 3-32. REEFING SYSTEM I

AMCP 706-130

SUSPENSION
LINES —_—

CONTROL |
LINES

DISREEFER

M
o
p
!

A CROSS
SECTION

B
FIGURE 3-33. REEFING SYSTEM 111

exerted on the canopy. A significant in-
creasc in drag, as shown in Fig. 3—34, is
produced by this method up to a control
line movement of about 40 percent of the
flat canopy diameter. At this point, this
method begins to be effective for reducing
the total drag force experienced by the
canopy. A disadvantage of this reefing
mecthod is the high force in the control line
and the large amount o reefing necessary
to obtain a significant drag reduction.

3—15.1.6 Reefing Lines. In the design of a
reefed canopy, the choice of the properreef-
ing line length is extremely important. The
reefing line must also be designed to with-
stand maximum forces dependent upon the
percentage of drag arca of the canopy in
the reefed condition (C,S)y compared with

its drag area in the fully inflated condi-
tion (CS), -

The forces in the control lines of a reef-
ing system similar to system Il were mea-
sured on a flat circular ribbon parachute 10
feet in diameter, towed behind an aircraft
at 125 mph. The forces in the reefing line
and the skirt-opening forceswere calculated
from the forces measured in the control
line. These forces, as a function of reefing
ratio (C,S), /(C},8), ,are shown in Fig. 3-35.

The permissible diameter and drag area
of a skirt-reefed, flat circular canopy can be
determined as the diameter of a reefing
line, as in the following example:
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Cp = drag coefficient based on total
° canopy surface arca

D, = nominal diameter of the un-
reefed canopy

(CpS), = drag area o the unreefed can-
opy (based onCy )

D, = theoretical diameter of the

CpS
reefed canopy = 24 / CoSr
mCp
Dy = skirt diameter o the reefedcan-
' opy
D = gkirt diameter of the fully in-
Ro flated canopy

(CpS)g = drag arca of the recfed canopy

N = number of gores

C = ratio of reefing-line diameter
length to nominal diameter of
unreefed canopy =Dy /D_

6 = ratio o skirt

diameters = Dy 1/DR0

a. If a canopy with a C, 0.47 o
D, = 20 ft, with N = 20 gores,a and a drag
area (CpS), = 148 sq ft, has apermissible
drag area reefed (CpS)y = 16 sq ft, the

CpS% _ 16 _

d tio then = =
rag area ratio then (C,9), e
0.108.

C = 0.61 for 20 gores as shown in Fig.
3—36, and & = 0.194 for a drag area ratio
of 0.108 as shown in Fig. 3—37. With these
data, the diameter of the reefing line circle
may be determined as follows:

D =D,Cb
20 x 0.61x 0.19 = 2.36ft

o
I

b. The theoretical diameter of the reefed
canopy can also be calculated as follows:

D, =2 [ (Cp9)y ~2\/ 16 = 6.6 ft
7Cp (m) (0.47)
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c¢. The data presented in Figs. 3—36
and 3—37 have been verified by tests and
apply to all types o flat circular canopies.
Tests have been made on reefed extended-
skirt canopies to provide sufficient data to
make similar plot of drag-arca ratio versus
reefing ratio for this type o canopy. These
curves, plotted from empirical data, are
shown in Fig. 3—38.

3—15.1.7 Reefing Line Cutters. T he current
standard method o disreefing a parachute
canopy, when skirt-reefing is used, is to
cut the reefing line which is threaded
through reefing rings around the skirt of
the canopy. Pyrotechnic reefing line cutters
are generally employed for this purpose.

Most reefing-line cutters in use today
operate in the same basic manner. At the
time during the deployment process at
which the suspension lines are fully
stretched and the force on the reefingline
cutter arming lanyard, which is attached
tothe deployment bag, builds up to approx-
imately 35 pounds, the arming lanyard is
withdrawn from the cutter. This releases a
firing pin, which strikes a primer cap, which
in turn initiates a power-train time delay
designed to burn for a predetermined num-
ber of seconds. After a delay interval, the
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final propellant is ignited, drivingthepiston-
shaped cutter knife down the barrel, and
severing the reefing line threaded through
the holes near the end of the barrel.

3—15.1.7.1 Standord Types

a. The M21 reefing line cutter (Fig.
3—39) is the primary standard model used
in Army applications and is designed to
cut lines of up to 1000-pound tensile

strength. This device has a time delay of 2
seconds and is not reusable.

b. Efforts to improve the action and
reliability of reefing line cutters for cargo
delivery systems and drone parachute re-
covery systems have resulted in the
development of the M9 through M 13 series
cutters. These are designed to operate
during the higher opening shock encoun-
tered in high speed deployment. The M9




AMCP 706-130

1 2
0.1
0.14 //
0.12 /
SOLID MATERIAL
SOLID MATERIAL BN SCARE))
ol o L NORMALSCALE(2) |
ﬁb 0.10F1.0 — L
oo
v
o]
=
g
=
E 0.08/-0.80 /
e 4
(]
b
o
a /
0.061-0.60 /
0.040.40 ///
0.02 ///
%zo 0.40 0.60 0.80 1.0 2
L — ] 1 1 [} ' [
0.04 0.08 012 0.16 0.20 ¢4 028 1

REEFING LINE RATIO 5= %%L
]

FIGURE 3-38. DRAG AREA RATIO ¥Y$S REEFING LINE DIAMETER RATIO FOR EXTENDED SKIRT CANOPIES

series reefing line cutter (Fig. 3-40) has
passed qualification tests during which it
was successfully fired during 750-g shock
and 500-g sustained acceleration tests.
Time delay intervals are as follows: 2 sec-
onds (M9), 4 seconds (M10), 6 seconds
(M11), 8 seconds (M12), and 10 seconds
(M13). The cutters, with the standard
mounting plate (Drawing 64D22262) which
is also used with the M21 cutter, will mount

in standard reefing line cutter pockets. The
M9 secries cutter is capable d severing two
1000-pound tabular reefing lines and is
used primarily by the Air Force.

3—15.1.7.2 Experimental Types. A number of dis-
reefing devices actuated by electrical im-
pulses and by clockwork and other mechan-
ical means have been used in the past, or
are under development, in an attempt to
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FIGURE 3-39. M21 REEFING LINE CUTTER

FIGURE 3-40. M9 REEFING LINE CUTTER

provide delay timing which is accurate
under widely varying temperatures. The
major difficulty encountered with these
devices, especially those using mechanical
timers, is the effect of the high g-shock on
the timing-system operation during deploy-
ment.

3-15.1.7.3 Design Considerations. In designing
a reefing line cutter, particular attention
should be paid to the following details:

a. The piston-shaped knife must be
longer than the diameter of the reefing line
hole to prevent the high-pressure, propel-
lant-genefated gases from escaping pre-
maturely. Accurate fit of the cutter piston
in the barrel is also important for the same
reason.

b. Sufficient space must be provided be-
yond the reefing line hole for a full stroke
o the cutter piston, so that the plug cut
out of the reefing line can clear the ends
of the line.
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¢. The powder charge must be well
blocked-off from the firing mechanism.

3—15.2 DISCONNECTS. Most types of aerial
delivery parachutes remain inflated under
moderate wind velocities (10 knots or
more) and 'tend to drag or overturn the
load after ground impact. Disconnects are
mechanical devices used primarily to sep-
arate the parachute canopy from the load
after ground contact, reducing the chances
of damage to the load. Most standard air-
drop disconnects operate on the principle
o load-stress reduction and incorporate a
time-delay device to prevent premature
mid-air release during canopy deployment
and descent. The disconnects are installed
between the suspension slings of the load
and the cargo parachute risers or riser
extensions, and are available for load
capacities ranging frdm 200 to 35,000
pounds.

3—15.2.1 Standard Types

3—15.2.1.1 Multiple Release Assembly. The multi-
ple release assembly (Fig. 341) may be
used with loads requiring three to six
G-11A cargo parachutes. A 10-second de-
lay reefing line cutter is required. One

26-IN. SUSPENSION

SLING 24IN.

SUSPENSION
SLING

UPPER CUTTER
RETAINER

CUTTER

LOWER CUTIER f
RETAINER RELEASE SPRING

PLATE

TYPE Il
NYLON
CORD

RELEASE ASSEMBLY ADAPTER

FIGURE 3-41. MULTIPLE RELEASE ASSEMBLY WITH
ADAPTER, SLINGS, AND CUTTER

INSTALLED




suspension sling is required for each para-
chute for attachment to the platform load.
The release assembly adapter is required
to attach the multiple release assembly
when two clevises are required on the load
suspension system.

3—15.2.1.2 Cargo Parachute Release (5000-Pound
Capacity). The 5000-pound capacity cargo
parachute release (Fig. 3—42) is used with
one G-11 or G-11A cargo parachute, one
to three G-12D cargo parachutes, or one
G-12C cargo parachute. The release uses
onc 20-second delay cartridge and may
require clevises and the 8-spool or 12-spool
load coupler for attachment to the load.

3-15.2.2 Experimental Types. Ground-discon-
nect parachute releases of 20,000- and
35,000-pound gross rigged weight capaci-
ties have been developed based on the load
sling tension difference or tilt-type mecha-
nism. Engineering design tests of these de-
vices are in progress %,

31 5.2.3 Associated Equipment. L.oad couplers
and large clevis assemblies are used to in-
stall the 5000-pound capacity cargo rclease
when required by a complex load suspen-
sion system. The 8-spool load coupler is
used with airdrop loads requiring two to
four G-11A cargo parachutes. The 12-spool
load coupler is used for airdrop loads re-
quiring five or six (311A cargo parachutes.
When the number of suspension slings ex-
cceds the number of spacers available on
the coupler, large clevises arc used tojoin

8-SPOOL LOAD COUPLER

RELEASE LINK ASSEMBLY

12-.SPOOL LOAD COUPLER
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the suspension slings to the coupler, as
shown in Fig. 343. Where only one para-
chute release is required— such as when
two or three G-12D cargo parachutes are
used — two 3-foot slings and two large

clevis assemblies are used, as shownin
Fig. 3—44.

L16 EXTRACTION PARACHUTE AND
FORCE TRANSFER GROUP

3—16.1 EXTRACTIONPARACHUTES. The most
common method o load e¢jection from aft-
loading cargo aircraft is by means of an
extraction parachute large enough to pro
vide the force necessary for extraction of
the palletized load from the aircraft in
flight. The ring-slot canopy (Fig. 3—45) is
generally used for extraction purposes.
Extraction parachutes are reefed or un-
reefed depending upon the specific airdrop
load, and may be used singly or in clusters.
Extraction parachutes are generally
attached to 60-foot extraction lines of
appropriate strength, except that 120-foot
lines are used when airdropping from C-141
aircraft.

3—16.1.1 Types and Sizes

3-16.1.1.1 15Foot Cargo ExtractionParachute. The
15-foot cargo extraction parachute consists
d a 1&foot-diameter, ring-slot nylon can-
opy with suspension lines; a 2-loop nylon
extraction line equipped with a shear knife
and V-rings; and a nylon or cotton duck
cloth and webbing deployment bag. The

5000-LB CAPACITY CARGO
PARACHUTE RELEASE

FIGURE 3-42. CARGO PARACHUTE RELEASE (5000-POUND CAPACITY)WITH DELAY ASSEMBLY, RELEASE LINK
ASSEMBLY, AND 8-SPOOL AND 12-SPOOL LOAD COUPLERS
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3-FT SLINGS

8-SPOOL LOAD
COUPLER

SUSPENSION
SLINGS

FIGURE 3-43.

skirt o the extraction parachute canopy
may be reefed with ¢ither a 148-inch or
260-inch nylon webbing reefing line.

3—16.1,1.2 22-foot Cargo Extraction Parachute. The
22-foot cargo extraction parachute consists
of a 22-foot-diameter, flat circular, ring-slot
nylon canopy with suspension lines; a 3-
loop nylon extraction line equipped with
three shear knives and a V-ring; a 5-foot
adapter web; and a nylon or cotton duck
cloth and webbing deployment bag.

3—16.1.1.3 28-Foot Cargo ExtractionParachute. The
28-foot' cargo extraction parachute is simi-
lar to the 22-foot parachute except for the
extraction line, which is a 4-loop nylon line
e¢quipped with three shear knives and a
V-ring.

3—16.1.2 Technical Characteristics. All of the ex-
traction parachutes used arc standard; the

size selected depends on the gross weight
of the load, as tabulated in Table 3—4, for
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12-SPOOL LOAD
COUPLER

LARGE CLEVISES

TYPICALRELEASE INSTALLATION WITH LOAD COUPLER AND LARGE CLEVISES

the skate wheel and dual-rail systems.
Other characteristics are listed in Table
3—5.

3—16.1.3 Design Criteria. Extraction canopics
must have a design that is simple and
dependable. An important requirement is
that they perform reliably in the wake of
the aircraft. Another requirement is good
stability. The size of the extraction canopy
is determined by the force necessary to
remove the load tfrom the aircraft com-
partment. To insure proper inflation, risers
must be of sufficientlength to minimize the
aircraft-wake effect. The system must be
designed to insure that the canopy is so
placed during and after inflation that it
does not interfere with the aircraft struc-
ture. Extraction lines for each range of
weights are designed on the basis of an
ultimate breaking strength of 1.5times the
maximum cargo weight, multiplied by a
safety factor of 2.0 and a stitching effi-
ciency loss factor o 80 percent.
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1

LARGE CLEVIS
ASSEMBLY

SLOTS
BETWEEN
SECTIONS

TYPICAL GORE

TYPICALRELEASE INSTALLATION WITH

THREE G-12D CARGO PARACHUTES

FIGURE 3-45. RING-SLOT

CANOPY

EXTRACTED LOAD RANGE (Ib)

EXTRACTION PARACHUTE EXTRACTION
SIZE AND TYPE SKATE WHEEL SYSTEM DUAL-RAIL SYSTEM LINE
15-foot reefed ring-slot 1,750 to 3,500 -—-- 2-loop

(148-inch reefing line)

Type X nylon

15-foot reefed ring-slot 3,500 to 7,000 2,520 to 5,070 2-loop
(260-inch reefing line) Type X nylon
15-foot ring-slot 5,600 to 11,200 3,730 to 8,000 2-loop

(unreefed)

Type X nylon

22-foot ring-slot
(unreefed)

11,200 to 21,500

8,000 to 17,000

3-loop
Type X nylon

28-foot ring-slot
(unreefed)

13,000 to 25,000

4-loop
Type X nylon

Two 28-foot ring-slot
(unreefed)

25,000 to 35.000

5-loop
Type XXVI nylon
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TABLE 3-5. EXTRACTION PARACHUTE CHARACTERISTICS

CANOPY SUSPENSION LINFES
NOMINAL TYPEOF ;
ABBREVIATED WEIGHT' METHOD OF DIAMETER | TYPE OF LENGTH | TYPE OF |BAG AND/OR
NOMENCLATURE (1b) DEPLOYMENT TYPE (fr) MATERIAL | NUMBER | 'ft and in.) | MATERIAL PACK
15-Ft Extraction 8.0 Pendulum Line Ring-slot 15 4.25 oz 16 15 £t 0 in. |Bypidd¥ Deployment
ar Pilot Chute Rayon Cloth Bag
w/weight Nylon e
Type I
Braided
Rayon Cord
15-Ft Extraction 8.0 Pendulum Line Ring-slot 15 2.25 oz 16 15ft 0 in. |Type IV Deployment
a Pilot Chute Nylon Cloth Braided Bag
w/weight Nylon Cord
22-Ft Extraction 27.5 Pendulum Line Ring-slot 22 3.50 oz 28 22 £t 0 in. | Type V Deployment
Nylon Cloth . Braided Bag
Nylon Cord
28-Ft Extraction 36.5 Pendulum Line Ring-slot 28 2.25 oz 30 28 ft 0 in. |Type VI Deployment
Nylon Cloth Braided Bag
Nylon Cord

+Approximate packed weight of entire parachute assembly

0€1-90L dOWY



3—16.2 FORCE TRANSFER. In airdrops where
the extraction parachute force is also used
to deploy the recovery parachutes, provi-
sions must be made for transferring the
extraction force from the extraction process
to the recovery system. This force transfer
is usually effected through the use o load
transfer devices which redirect the extrac-
tion parachute force from extracting the
load to the deployment of the recovery
parachutes. The devices and methods used
to accomplish force transfer on various
loads are outlined in the paragraphs which
follow.

3—16.2.1 Platform Extraction

3—16.2.).1 J-1 Platforms. On J-1 platforms, an
extraction bar assembly (Fig. 3—46) is
mounted on the underside o the platform.
The hinged lever, called the extraction bar,
is normally held in the forward position by
springs. The shoe end o the assembly
points toward the front of the aircraft as
shown in view A of Fig. 347. The force
of the extraction parachute is exerted
through the extraction line and dual link
on the extraction bar. The cargo floor pre-
vents the extraction bar from moving along
its pivotal arc. The forcethus acts to move
the load over the wheeled conveyors in the
direction of the applied force. When the
extraction bar passes the aft edge of the
aircraft, as shown in view B, Fig. 347, it
is no longer restricted along its pivotal arc.
The extraction force causes the extraction
EXTRACTION
BAR GUIDE

EXTRACTION BAR
MOUNTING BOLT

EXTRACTION

MOUNTING __$5

BRACKET

MOUNTING %cm

SCREWS SHOE
FIGURE 3-46. EXTRACTION BAR ASSEMBLY
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AFT '

@ DEPLOYMENT LINE
EXTRACTION BAR

EXTRACTION LINE

LOAD-BEARING PLATFORM
ON WHEELED CONVEYORS

DEPLOYMENT LINE

E
4

EXTRACTION LINE

AFT EDGE OF
CARGO COMPARTMENT

FIGURE 3-47. TYPICAL OPERATION OF EXTRACTION
BAR FOR RELEASE AND FORCE TRANSFER

bar to pivot, freeing the dual link from its
recess. The dual link separates from the
platform and serves to join the extraction
parachute to the deployment bags of the
recovery parachutes.

3-16.2.1.2 Standard B Plotforms. The 11-foot
and 15-foot standard B platforms have ex-
traction bars similar to the extraction bar
described on the J-1 platform. The 22-foot
platform employs a built-in release and
load transfer device utilizing a plug assem-
bly located in the aft end of the platform
(Fig. 3-48). The extraction line is attached
to the plug which is made in two interlock-
ing parts. The plug is connected to the ex-
traction lever through a linkage under the
platform. The extraction lever on this plat-
form scrves the same purpose as the ex-
traction bar on the other platforms. When
the extraction lever is in the forward posi-
tion, as shown in view A, Fig. 3-49, the
plug is retracted far enough into the hous-
ing so that its two parts cannot scparatc.
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EXTRACTION LINK

(RELEASE LEVER LINK ASSEMBLY (RELEASE PLUG
10 EYEBO TO EXTRACTION LINE)
: RELEASE PLUG
,—% HOUSING
SHORT EYEBOLT
\gmNiA'

REINFORCEMENT STRIPS "'

EXTRACTION LEVER
SUPPORT BRACKETS

PERMANENT RELEASE PLUG
EXTRACTION LEVER LONG EYEBOLT  |ENON JOINT

FIGURE 3-48. EXTRACTION RELEASE SYSTEM, 22-FOOT PLA TFORM ASSEMBLY

TION
@ e 22.F1 PLATFORM
8
> ¢
=] 22} [K)
.e CARGO FLOOR P LONGITUDINAL ROD
EXTRACTION PLUG
HOUSING
EXTRACTION LINE
AFT ’
22-FT PLATFORM

o LTTTTTTNLL
X 1 ' :-_;:3:
\ bt I

N AFT EDGE OF
CARGO COMPARTMENT

FIGURE 3-49. TYPICAL OPERATION OF EXTRACTION LEVER FOR RELEASE AND FORCE TRANSFER

When the platform clears the aft edge of separating the two parts. When the plug
the ramp, the extraction lever turns until separates, the extraction parachute is
it points aft, as shown in view B, Fig. 349. linked to the deployment bags of the re-
This actuates the linkage and causes the covery parachutes accomplishing the force

plug to protrude from the housing, thus transfer.

3—42




3—16.2.2 Item Extraction

3—16.2.2] Static Line-Shear Knife Transfer. On the
combat-expendable and modular platforms
systems, the extraction force is usually
applied directly to the load instead of the
platform. The force transfer is accomplished
by the action of a static line and shear
knife deployed as the load leaves the air-
craft. The sequence of extraction and force
transfer for this type of system is sche-
matically shown in Fig. 3—50.

3—16.2.2.2 High Capacity Force Transfer Coupling.
The high capacity force transfer coupling
system shown in Fig. 3—51 provides the
means o releasing the extraction para-
chute from the load and transferring the
extraction force to deployment of the re-
covery parachutes. This coupling consists
of a latch assembly (Fig. 3—52), a para-
chute connector link assembly (Fig. 3—53),
an actuator assembly (Ag. 3—54), and a
flexible control cable. The coupling is de-
signed for use with modular side-rail plat-
forms and the aerial unloading kit of the
C-130 and C-141 aircraft; however, it can
be used on the C-119aircraft without dual-
rail unloading kit by modification of the
actuator assembly. Operation of the cou-
pling requires that the flexible control cable
be attached to the actuator assembly. The
actuator assembly is then attached at a
predetermined point to the side rail of the
platform. The control cable is extended to-
ward the rear of the platform. The latch
assembly is fastened to the load by attach-
ing a clevis eye to it by means of a 1-inch
bolt. The eye is next attached to the pintle
or lunette eye of the load. If a vehicle has
a special latch-mounting bracket, the latch
assembly is attached to this bracket by
means of a l-inch bolt that passes through
the mounting hole. The flexible control
cable is. attached to the latch assembly
catch, and the cam in the extraction para-
chute link is engaged by the retainer hook
and sideplates of the latch assembly. The
trigger arm is drawn forward temporarily
and locked with a pin, until the load has
been positioned in the aircraft. Therecafter
the locking pin is removed, the trigger arm

AMCP 706-130

is retracted, and the guide rod, under
spring tension, is forced against the air-
craft guide rail. The end loop of the extrac-
tion parachute line is attached to the out-
board pin of the extraction parachute link,
and the end loop of the recovery parachute
deployment line is attached to the top pin
d the link. When the extraction parachute
is deployed, the force developed along the
extraction line pulls the load from the air-
craft. As the guide rod and trigger arm
come clear of the aircraft’s guide rails, the
spring-loaded trigger arm snaps forward,
pulling the flexible control cable, actuating
the latch assembly, and releasing the
extraction parachute link, which pulls the
deployment bag from the recovery para-
chutes. Thus, the extraction force, which
takes the load from the aircraft, is trans-
ferred to deployment of the recovery para-
chutes. The extraction parachute and ling,
the parachute deployment bags, and the
extraction link assembly descend inde-
pendently from the load. Modification of the
device for use with platforms used in C-119
aircraft without the dual-rail unloading kit
consists of a rearrangement of the trigger
assembly, so that the trigger arm rides
the floor o the aircraft. The retracted arm
is released when the platform passes over
the rear edge of the aircraft ramp. There-
after, the procedure described above takes
place.

3—6.2.3 Associated Equipment. Two brecakaway
static linec assemblies arc attached to the
connector strap loop and the extraction
clevis of cach modular or combat-expend-
able platform load delivered from the
C-119, C-123, C-130, and the C-141 air-
craft. One static line assembly is used for
airdrop from the CV-2B aircraft. Each
static line assembly consists of a 15-foot
static line, an 18-foot release line, and a 6-
inch retainer strap. The static line is con-
structed of 1-3;4-inch wide, type VIII
cotton webbing, with an additional 11-1/2-
foot ply sewed to the line to form a slecve
through which a release line passes. The
static line has a rclease knife at onc end
and an attaching loop at the other end. A
safety loop is sewed to the static line
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STATIC LINE ANCHOR CABLE

DEPLOYMENT LINE \

EXTRACTION PARACHUTE

STATIC LINE
WITH KNIFE

A

EXTRACTION LINE
. WITH KNIFE

EXTRACTION LINE
SHEAR STRAP CONNECTOR STRAP

1 LOAD IS POSITIONED IN CARGO AIRCRAFT WITH PENDULUM EXTRACTION
MECHANISM READY TO RELEASE EXTRACTION PARACHUTE.

3 EXTRACTION PARACHUTE PULLS RELEASE KNIFE THROUGH SHEAR STRAP,
PULLING LOAD OQUT OF AIRCRAFT.

= ¢

EXTRACTION LINE

STATIC LINE
DEPLOYMENT LINE
R

O A
\\§§i§\\\§§\\\\%\%\ EXTRACTION PARACHUTE
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\\

N
EXTRACTION LINE
CONNECTOR STRAP

_

2 EXTRACTION PARACHUTE B RELEASED. PARACHUTE DEPLOYS, EXTENDING
EXTRACTIONLINE.

N\

STATIC LINE

DEPLOYMENT LINE

EXTRACTION LINE

A

% STATIC LINE RELEASE KNIFE CUTS EXTRACTION LINE CONNECTOR STRAP AS
LOAD IS PULLED OQUT OF AIRCRAFT. EXTRACTION PARACHUTE BEGINS TO DEPLOY

CARGO PARACHUTES.

FIGURE 3-50. TYPICAL EXTRACTION AND FORCE TRANSFER SEQUENCE (STATIC LINE-SHEAR KNIFE TRANSFER)
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RECOVERY PARACHUTES
TYPICAL HEAVY CARGO N DEPLOYMENT BAGS
EXTRACTION

LINK ASSEMBLY PARACHUTE
EXTRACT10N
PARACHUTE LINE

(@)

Q OOO
FO—ON

! =
\ \ \ LOAD  ASSEMBLY

PLATFORM  ACTUATOR  FLEXIBLE PINTLE
ASSEMBLY  CONTROL CABLE

FIGURE 3-51. EXTRACTION FORCE TRANSFER COUPLING SYSTEM (HIGH CAPACITY)
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FIGURE 3-52. LATCH ASSEMBLY

approximately 12 inches from the release release line is reinforced with a sleeve of
knife. The release line is constructed of type IV cotton duck. The retainer strap is
type VIII nylon webbing rolled to a 3 4- constructed of 1-3;4-inch wide, type VIII
inch width, with an attaching loop at cach nylon webbing, with a connector link at one
end. The large loop at the lower end of the end and a clevis at the opposite end.
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FIGURE 3-53. PARACHUTE CONNECTOR LINK ASSEMBLY

3-47 RESTRAINTGROUP

When preparing an airdrop platform
load, the equipment and any accompany-
ing supplies must be secured in such a
manner as to insure that no damage will
occur to the rigged load or the aircraft
during flight, extraction sequence, para-
chute deployment, and ground impact. The
equipment and supplies are secured to the
platforms by use o lashing and nets.

3—17.1 LASHING. The number of lashings
and attachment locations for securing
standard airdrop loads are contained in
TM 10-500 series. A lashing consists of a
15-foot ticdown strap, a strap fastener, a
D-ring, and a load binder. The number and
combination o these items determine the
type o lashing as follows:

a. Typel. Type I lashing requires one
15-foot tiedown strap, a D-ring, one strap
fastener, and one load binder. Figure 3—55
illustrates typical type I lashing.
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b. Type Il. Type II lashing requires
one 15-foot tiedown strap, a D-ring, one
strap fastener, and two load binders. Fig-
ure 3—351llustrates typical type 11 lashing.

c. Typelll. Type III lashing requires
two 15-foot tiedown straps, two D-rings, two
strap fasteners, and one¢ load binder. Fig-
ure 3—535 illustrates typical type III lash-
ing.

d. Type IV. Type IV lashing requires
two 15-foot tiedown straps, two D-rings,
two strap fasteners, and two load binders.
Figure 3—355 illustrates typical type IV
lashing.

3—17.2 NETS. An airdrop cargo restraint sys-
tem made up o one top net (Fig. 3—56)
and four side nets (Fig. 3—57) is used to
restrain bulk airdrop cargo weighing up
to 12,000 pounds. The nets are 10 feet
long, 6 feet wide, and are constructed of 1-
inch nylon webbing. The top net is equipped
with reefing rings to which the side nets
are attached. The four side nets are
equipped with attachment hooks, several
rows of reefing rings, and a colored strap
marking the transverse centerline of the
net. The hooks permit attachment of the
side nets to the top net, and the reefing
rings permit attachment of tiedown straps
to the side nets. Vertical restraint is accom-
plished by using tiedown straps in the reef-
ing rings in the side nets. The nets are
sccured to the airdrop platform by use o
tiedown assemblies (Fig. 3— 58). The nets
have ultimate load factors o 4 g’s forward
and rearward and 2 g’s upward and side-
wise.

3-48 PLATFORMGROUP

Airdrop platforms are used in airdrop for
the following purposes:

a. Toserve as a base upon which stacks
of energy dissipater material may be ar-
ranged to provide maximum protection for
a variety of airdrop items during impact.

b. To provide a suitable rolling surface
for safe extraction of airdrop items from
aircraft in flight.
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¢. When used in dual-rail systems, to
provide' suitable structure for distributing
restraint forces into the aircraft structure.

d. When used as load-bearing platforms
for airdrop of items which are nonrigid or
structurally weak, to provide a structure
for resisting parachute opening forces.
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FIGURE 3-54. ACTUATOR ASSEMBLY

3—18.1 TYPES AND SIZES

3—18.1.1 J-1 Platform. The J-1 platform (Fig.
3—59) is a load-bearing platform used with
the skate wheel and buffer board system.
The platform is a flat skid 80 inches wide
and 144 inches long, constructed of alum-
inum framing and plywood pancls with
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FIGURE 3-55. TYPICAL TYPES OF LASHING

sheet aluminum bolted to the underside.
The top of the platform is covered with a
decking of corrugated sheet aluminum
serving as the cargo floor. An extraction
bar is installed on the platform wall to pro-
vide a point of attachment for the extrac-
tion line extension and parachute deploy-
ment line., Sixteen tiedown rings are in-
stalled around the edges of the cargo floor
to provide anchoring stations for lashings
and tiedown devices. The J-1 platforms are
'designed for delivery of 6000-pound loads
and should not be dropped at a gross
weight of less than 2800 pounds. Loads
o up to 10,000 pounds rigged weight may
be authorized as emergency combat over-
loads. The platforms are stressed to with-
stand the opening shock of cargo para-
chutes. Four suspension points are pro-
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vided for attaching suspension systems
directly to the platform.

3—18.1.2 standard B Platforms. Standard B plat-
forms (Fig. 3—60) are constructed prima-
rily o wood and covered with sheet metal
on the underside. These platforms are not
stressed, and therefore suspension systems
are attached directly to the rigged item.
The most commonly used standard B plat-
forms are: 11-foot, 15-foot, and 22-foot plat-
forms. These platforms are usable only
with the skate wheel and buffer board sys-
tems. They are being replaced by combat-
cxpendable platforms (par. 3—18.1.4) and
will eventually be obsoleted.

3-18.1.2.1 I1-Foot ond 15-Foot Platfarms. The 11-
and 15-foot platforms (Fig. 3—60) are flat
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FIGURE 3-56. TYPICALTOPNET

rectangular skids 80 inches wide. The plat-
forms are constructed o wood framing with
plywood paneling on the underside, and
with plywood end panels and reinforced
plates on the top side. The undersurface is
covered with sheet metal to minimize fric-
tion and insure a safe exit from the aircraft
in flight. An extraction bar with a bracket
is provided for attachment of the extraction
line extension and deployment line. Tie-
down rings are¢ located around the top
edges o the platform for securing lashings
and tiedown devices. The 11-foot platform
is provided with 10 tiedown rings and the
15-foot platform with 16 tiedown rings. The
11-foot platform has a minimum rigged-
weight limitation of 2570 pounds and
the 15-foot platform 3740 pounds.

3—181.2.2 22.Foot Platform. The 22-foot plat-
form (Fig. 3—60) is a flat rectangular skid

100 inches wide, constructed of wood
framing with plywood end panels and rein-
forcing plates. The Undersurface is covered
with sheet metal. An extraction line may
be attached to a plug assembly located in
the aft end o the platform. Twenty tiedown
rings are installed around the top edges of
the platform to provide anchoring stations
for lashings and tiedown devices. The 22-
foot platform has a minimum rigged-weight
limitation of 6420 pounds.

3—4 8.1.3 Modular Platforms

3—18.1.3.1 Aluminum Modular Plotforms. Alumi-
num modular platforms (Fig. 3-61) are
specially designed for use with the dual-rail
systems. They are 108 inches wide and can
be assembled in the field in &, 12- 16-,
20-, and 24-foot lengths. The platforms con-
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FIGURE 3-57. TYPICAL SIDE NET

sist of sandwich-constructed panels of alum-
inum and balsa or foamed plastic. Alumi-
num alloy side rails are attached to the
side of the panel to complete the assembly.
The type 1 solid rails are compatible to
dual-rail systems using fixed-pin restraint
mechanisms, and the type Il notched rails
are compatible to dual-rail systems using
indent/detent restraint mechanisms. Steel

350

ticdown clevises of 10,000pounds capacity
arc bolted at appropriate positions along
the rails to provide attaching points for
lashings which secure the load to the plat-
form. Dimensions and weight limitations
for modular platforms are as follows. The
weight is computed at 41 pounds per lincal
foot, and the minimum rigged weight is
computed at 35 pounds per square foot.
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Minimum
Width Length Weight Square Rigged Weight
(in.) (ft) (Ib) feet (Ib)

108 8 328 72 2520
108 12 492 108 3780
108 16 656 144 5040
108 20 820 180 6300
108 24 984 216 7500

_— _.._..——-"'""-__-—___""N._

~ N

FIGURE 3-58. TIEDOWN ASSEMBLY
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15-FOOT PLATFORM

22-FOOT PLATFORM
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3—18.1.3.2 Wooden Modular Platform.The wooden
modular platform (Fig. 3—62) weighs about
35 pounds per linear foot (exclusive of car-
80 tiedown and fixed-pin assemblies), and
consists of 4-foot wooden modules and ex-
truded aluminum (6061-T6) side rails of
> 20+, and 24-foot lengths. A
wooden module consists of a plywood sheet,
48 x 95 x 1/2-inch-thick exterior aircraft
grade, nailed to three 2- x 6-inch wooden
Cross members of Douglas fir, structura]
1, with 6d twist nails 2 inches
long (pallet nails, type 11, style 18 — Fed-
eral Specification FF-N-105). The desired

TIEDOWN
CLEVISES

PLYWOOQD
SHEET

NOTCHED RAIL
FIGURE 3~67. aALuMINUM MoDULAR PLATFORMS

length of platform i made by bolting the
required number of 4-foot long woodenmod-
ules through three holes at both ends of
cach 2- x 6-inch cross member to the de-
sired length side rails which have predrilled

modules have aluminym strips (6061-T6),
0.063-inch-thick x 4 inches wide and 52
inches long, positioned so as to align with
the inboard conveyor rollers of the C-130
aircraft. The aluminum strips are used to
prevent indentation of the bottom face of

WOODEN CROSS
MEMBERS

ALUNMINUM
SIDE RAL

FIGURE 342, WOODEN MoDULAR PLATFORM
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plywood by the conveyor rollers. The alum-
inum strips are cemented to the plywood
bottom face of the module and the extra 2
inches on cither end is bent up and nailed
to the outer 2- x 6-inch cross members.
These aluminum strips arc referred to as
modular reinforcements. Additional 2- x
6-inch Douglas fir lumber of appropriate
length for each specific platform is placed
on the centerline of the platform, extends
across module joints and is attached with
3-inch long lag screws to the 2- x 6-inch
cross members to increase the longitudinal
stiffness of the platform when required.
Standard tiedown clevises of 10,000-pound
capacity are bolted to the aluminum side
rails as required for rigging loads. The
side rails are notched for use with the
USAF A/A32H or C-141 dual-rail systems,
and also may be used with the fixed-pin
restraint system by attachment of the
standard restraint pin fitting to the vertical
flange of the aluminum side rail.

3-18.1.4 Combat-expendable Platforms. Combat-
expendable platform frames are made of
2-inch thick grade 1 lumber, and the base
is made of 3/4-inch plywood (F'ig. 3—63).
Tiedown spaces are provided on the plat-
form for lashing. Combat-expendable plat-
forms are constructed in a varicty of sizes,
depending upon the vehicle or itemof equip-
ment to be dropped. The suspension and

LONGITUDINAL
STRINGERS

TIEDOWN
SPACES

extraction provisions are attached to the
item rather than the platform. Table 3-6
lists the dimensions and weight limitations
for combat-expendable platforms. These
platforms can be used with the skate wheel
and buffer board systems.

3-1 8.2 DESIGN CRITERIA (MODULAR PLATFORMS).
The type loading to which a platform is
subjected may be classified as ground-
handling, inflight-restraint, extraction,
recovery, and ground-impact. The charac-
teristics of ground handling and ground
impact arc often vague, but average condi-
tions can be specified with acceptable accu-
racy for design purposes3%.

3—18.2.1 Ground Handling. Ground handling is
considered to include rigging and trans-
porting-transferring the rigged load into
the aircraft.

3—18.2.1.1 Rigging. A platform must be capa-
ble of withstanding loads incident to assem-
bly and preparation for rigging by relatively
unskilled personnel with little or no mate-
rials handling equipment. During rigging,
the platform must be capable of sustaining
loads imposed on it by the conveyors or
uncven terrain on which it may rest. It
must also be capable of withstanding loads
which result from a rigged payload tra-
versing conveyors. Although selection of a

LATERAL
STRINGERS

SPACER
BLOCKS

PLYWOOD BASE
PANELS

FIGURE 3-63. TYPICALCOMBAT-EXPENDABLE PLATFORM
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TABLE 3-6. DIMENSIONS AND WEIGHT LIMITATIONS FOR COMBAT-EXPENDABLE PLATFORMS

? MINIMUM
LENGTH WIDTH WEIGHT* SQUARE RIGGED WEIGHT?
(fo) (in.) (1b) FEET (1b)
112 70 312 70 2450
12 96 407 95 3325
12 104 468 103 3605
12 107 474 106 3710
16 96 480 127 4445
16 104 568 137 4795
16 107 581 139 4865
18 96 643 143 5005
18 104 759 155 5425
18 107 772 160 5600
20 96 709 159 5565
20 104 819 172 6020
20 107 833 177 6195
22 96 815 170 5950
22 104 931 190 6650
22 107 950 195 6825
24 96 877 191 6685
24 104 1048 207 7245
24 107 1068 214 7490

Figures based on No. | common soft lumber
2 x 4 — 1-3/4 pounds per lincal foot
2 x 6 —2-1/2 pounds per lineal foot
2 x 8 — 3-1/4 pounds per lineal foot
2 x 10—4-1/2 pounds per lineal foot

t Size, weight, squarc footage, and loading weights required for combat-expendable platforms computed at 35

pounds per square foot.
+ First row pertains primarily to (V-2 aircraft.

specific design condition.must be a matter
ofjudgment based on experience, a condi-
tion can be chosen which strikes an accep-
table balance between performance and the
resulting structural penalty. Of course, with
any such compromise, there will occur an
occasional extreme instance such as when
the entire rigged weight o a load may
teeter on the edge of a single roller, thus
exceeding the selected design condition and
resulting in platform damage. A useful de-
sign condition is shown in Fig. 3—64, the
variables being the force P, the length and
diameter of the rollers, and the pitch be-
tween rollers. The configuration of the air-
craft roller conveyors, the load distribution

on the platform, and the pertinent load
factor determine the values of these varia-
bles. For sandwich construction, the struc-
tural details directly influenced by the
ground handling design condition are prin-
cipally facing thickness, and material and

P
~
©) (O ROLLERS
l«—— PLATFORM
SPECIMEN

P= FORCE

FIGURE 3-64. DESIGN CONDITION FOR GROUND
HANDLING
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core compressive strength. A/so under the
category of ground handling is a design
requirement for a measure of stiffness far
in excess of that needed for inflight
restraint. Large deflections during rigging
due to high tensions in lashings can com-
pound the difficulties in traversing roller
conveyors with or without platform damage
and can make it impossible to properly
engage the aircraft dual-rail restraints.

3—18.2.1.2 Transporting-Transferringinto Aircraft. A
platform must be capable of withstanding
loads incident to transporting-transferring
it, with payload, from the rigging site into
the aircraft. The loads occur during lifting
or winching onto a transport vehicle, while
transporting over rough terrain, and during
the actual transfer into the aircraft. The
transport-transfer vehicle(s) does not al-
ways lie in the same planc as that of the
aircraft floor, and therefore high localized
rcactions on the platform arc often ex-
perienced during the transfer.

3— 8.2.2 Inflight Restraint. This category of
loading includes restraint of the platform
to the aircraft and payload to the platform

to the following ultimate load factors?'.

Forward 4.0g’s
Aft 1.5g’s
Vertical (up) 2.0g’s
Vertical (down) 4.5¢9’s
Lateral 1.5¢g’s

The strength of the local structure
needed to restrain the platform load to the
aircraft and also the load to the platform
is readily established. Sincethelongitudinal
edges of the platform mate directly with
the aircraft dual rails, it follows that con-
fining the restraint attachments and the
cargo ticdown rings to these edges is an
effective solution to minimizingthe amount
of platform structure needed. Even though
ticdown points are not available on the
lateral edges of the platforms, rigging ease
and effectiveness can be assured by pro-
viding a large number of high capacity unit
tiedown points along the longitudinal edges.
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Of the inflight factors, the forward load fac-
tor has the most influence on platformde-
sign. The aft load factor also requires con-
sideration of those aircraft rail -systems
which provide aft restraint only in the left
restraint rail, resulting in an asymmetric
loading on the platform. This load condi-
tion could be critical for some platform
structures.

Once provision has been made for the
high local loads associated with platform-
to-aircraft and payload-to-platform re-
straint, consideration of the other loading
conditions included herein indicates selec-
tion of a sandwich construction for the
platform to be a wise, and possibly inescap-
able, choice. The favorable strength-to-
weight and strength-to-cost ratios which
can be obtained with a properly designed
sandwich construction are the primary rea-
sons for such a choice.

When the inflight restraint and ground
handling design conditions have been satis-
fied, experience indicates that with atten-
tion to a few localized arcas, acceptable
reuse can generally be obtained. Highlocal- .
ized stresses at ground impact arc often
induced at the intersections of platform
lateral and longitudinal frame members
and in the fastening of the facings to the
peripheral frame members in sandwich con-
struction. Simple reinforcements at these
locations contribute measurably to plat-
form reuse.

3—18.2.3 Extraction. The force of the extrac-
tion parachute is applied cither to the plat-
form or directly to the payload itself. When
the extraction force is applied to the plat-
form, localized platform structure of suffi-
cient strength is required to withstand the
extraction force. This case results in iner-
tial forces due to the acceleration of the
payload being applied to the platform
through the cargo tiedowns. When the ex-
traction force is applied to the payload, the
forces applied to the platform by the tie-
downs are opposite in direction and usually
of much less magnitude than in the case of
platform extraction. This is due to the fact
that the only mass being accelerated
through the tiedowns is that of the platform




itself. The ratio of extraction force to ex-
tracted weight with the dual-rail system is
usually maintained between 0.7 and 1.5.
The design load (ultimate) is taken as 1.5
times this ratio3. The applied force is ap-
propriately treated as a static load because
d the emergency situation where the sys-
tem may malfunction, resulting in the ex-
traction parachute being towed for several
seconds. In the normal case, the duration
is also quite long (Fig. 3—65) and is proba-
bly sufficient justification itself to design
to the static load. However, devices which
are used to transfer the extraction force
from the platform to the recovery para-
chutes operate over a very short period of
time and therefore should be designed and
laboratory-tested with the dynamic nature
d their operation in mind.

3—18.2.4 Recovery. As in the case d extrac-

tion, the forces exerted by recovery para-
chutes may be applied either to the plat-
form or directly to the payload itself. Be-
cause of the magnitude of the forces assoc-
iated with the opening of cargo parachutes
and the vagaries o platform attitude rela-
tive to the direction of the forces, the case
of parachute recovery forces applied to the
platform entails a requirement for consid-
erably more platform structure than where
these forces are applied to the payload. In
the latter case, the forces imposed on the
platform through the cargo tiedowns are
proportional only to the mass o the plat-
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form itself and whatever other material
(such as accompanying supplies) is not
directly attached to or supported by the
payload. In the case of most large vehicles,
the general practice is to take advantage
of their inherent strength and suspendthem
directly from the parachutes. In keeping
with this practice, the platform is sus-
pended from the parachutes only when the
payload is of such a nature that it cannot
readily be suspended itself. The magnitude
of the limit load factor used for design is
3.0 times the weight of the suspended load.
For design purposes, the resultant forces
are considered to be shared equally by any
two d what are normally four suspension
points and are treated as static loads. As
is the case for extraction, a factor of safety
of 1.5is used to obtain the ultimate loads.
The typical trace (Fig. 3—66) shows the
long duration of the parachute opening
shock. Credible data recently obtained from
actual airdrops indicate that the criteria
stated above err on the conservative side.
Considerably more evidence will be re-
quired, however, to justify a reduction in
these criteria under the critical design ex-
tremes o airspeed, platform attitude, and
parachute loading.

3—18.2.5 Ground Impact. The forces to which a
platform is subjected at ground impact
cover a wide range in nature and magni-
tude. The variables affecting these forces
include:

28-FT DIA RING SLOT PARACHUTEAT
130 KNOTS INDICATED AIR SPEED, 25,150 LB GROSS

20,000 LB

—— | SEC

FIGURE 3-65. TYPICAL TRACE OF EXTRACTION FORCE Vs TIME
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11,840 LB GROSS
4 G-11A PARACHUTES

TIME MARKS — SHOWN
Al 1-SEC INTERVALS

23,750

TOTAL FORCE

L 1 1

LEFT REAR SLING
. . el o SO . L
~— \‘\._..r-"'""'-"'*a_.

LEFT FRONT SLING

RIGHT REAR SLING

I 1 L

FIGURE 3-66. TYPICAL TRACE OF SUSPENSION FORCES AT PARACHUTE OPENING

a. Vertical velocity
b. Horizontal velocity

c. Size and placement o payload and
cushioning material

d. Platform attitude

e. Consistency of impact surface

f. Irregularities in terrain

g.- Type and geometry o cargo lashings

In actual practice, the forces imposed
on the platform may be dependent on the
interaction o all the variables listed. De-
signing a platform to be reusable under the
operational extremes of all these variables
is simply not practical. However, a design
condition reflecting certain of thesé€ varia-
bles can be selected which results in ac-
ceptable reuse. This condition may be ex-
pressed in practical terms as cantilever
length L, applied force P, and direction o
force (angle e) as shown in Fig. 3—67.

Environmental requirements should be
borne in mind throughout the design. Not
only must a platform maintain structural
integrity during long-term exposure to ex-
tremes o temperature, humidity, and harm-
fili bacteria or vermin, but it must also
maintain dimensional stability within fairly
close limits because of the nature of the
aircraft dual-rail system. These considera-
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tions are likely to dictate the final selection
o materials and methods of manufactute.

3—19 CONTAINER GROUP

3191 General. Container loads are loads
that are rigged for airdrop in airdrop con-
tainers such as the A-7A cargo sling, the

P, LB FER UNIT LENGTH (RUNNING
? i NORMALTO PLANE OF PAPER)

@

|

%
=

P=APPLIED FORCE
€ =DIRECTION OF FORCE
L =CANTILEVER LENGTH

N\

// A
IS ddeddd S

FIGURE 3-67. DESIGN CONDITION FOR GROUND IMPACT




A-21 and A-22 cargo bags, and the M4-A
high speed aerial delivery container. In
addition, flat steel strapping may be used
to rig container loads. The containers may
be packed with supplics, disassembled
equipment, or small items of ready-to-use
cquipment prepared for airdrop. The con-
tainer load may requirecushioning material
such as honeycomb, depending upon the
load requirements and the method of air-
drop. The load may require one or more
pilot chutes or one cargo parachute to
stabilize and retard the descent of the
load, depending upon the weight of the
load and the method o airdrop. The con-
tainers are prepared and packed for air-
drop according to procecdures in
TM 10-5007. Rigging of containers for air-
drop is contained in applicable TM 10-500
series manuals.

3—19.2 TYPES AND SIZES

3—19.21 CargoSling (A-7A). The A-7A cargo
sling (Fig. 3—68) consists of four identical
sling straps, each 188 inches long. Each
sling strap is fitted with a quick-fit strap
fastener and a floating D-ring. A combina-
tion of two, three, or four sling straps may
be used for rigging a load in an A-7A cargo
sling, depending upon the size and shape of
the load. The A-7A cargo sling has a 500-
pound capacity. It is designed and con-
structed in accordance with USAF Draw-
ing 51C6716 and conforms to Military
Specification MIL-C-7554.

3—19.2.2 CargoBag(A-21). The A-21 cargo
bag (Fig. 3—69) is an adjustable container
consisting of sling assembly, quick-release
assembly, two ring straps, and canvas cov-
er. The A-21 cargo bag has a 500-pound
load capacity. It is designed and con-
structed in accordance with USAF Drawing
51C6739 and conforms to Military Specifi-
cation MIL-C-7554.

3-19.2.2.1 Sling Assembly. The sling assem-
bly (Fig. 3—69) consists of a sling, three
quick-release straps, and one fixed quick-
release strap. The sling is made o webbing
with an octagonal scuff pad attached. One
188-inch main strap is stitched lengthwise
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SLING STRAPS
{PARALLEL)

SLING STRAP
{PERPEN DICULAR)

SLING STRAPS
{(FOLDED AND

RIGGED LOAD

FIGURE 3-68. TYPICALA-7A CARGOSLING LOAD USING
THREESLING STRAPS

on the scuff pad and two 144-inch side
straps are stitched crosswise. Four lifting
handles or loops are stitched to the side
straps to facilitate handling of the loaded
container. The V-rings are attached to the
main strap and are extended through to
the underside on the scuff pad. These V-
rings are sometimes used when loads are
dropped by the monorail system. The
quick-release straps are fitted at one end
with a quick-fit strap fastener to secure
them to the side straps o the sling, and
at the other end with connecting lugs to
attach the release straps to the quick-
release assembly. The fixed quick-release
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QUICK-RELEASE
STRAPS

LIFTING HANDLES

ﬂ S SCUFF PAD
Lo
N ‘/ (]
MAIN STRAP - e
(188 IN.) > i QUICK-RELEASE
Z ASSEMBLY
SIDE STRAPS /
(144 IN.}
LIFTING
HANDLES FIXED QUICK-
RELEASE STRAP SAFETY CLIP

SLING ASSEMBLY AND QUICK-RELEASE ASSEMBLY

RING STRAPS

CANVAS COVER
(BOTTOM)

RING STRAPS AND CANVAS COVER
FIGURE 3-69. CARGO BAG (A-211

strap, which remains connected to the
quick-release assembly once it is attached,
is also fitted with a permanently attached
quick-release safety clip. The safety clip
fits into the telease assembly to prevent it
from opening accidentally.

3-19.2.2.2 Quick-release Assembly. The quick-
reclecasc assembly (F'ig. 3—69) is designed
to secure the load in the container and to
permit quick removal o the sling assembly
once the cargo reaches the ground. The
sling assembly may be released from the
load by removing the safety clip from the
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release assembly, turning the release oper-
ating button clockwise, and pressing the
button down until the quick-release straps
are free.

3-19.2.2.3 Ring straps. Each of the two ring
straps (F'ig. 3—69) consists of a long strap
and a short strap attached to a steel rod
ring. The long strap is fitted with a quick-
fit strap fastener to secure it to one end Jof
the main strap of the sling. The shortstrap
is fitted with a D-ring to provide a mecans
of attaching the parachute to the load.

3-19.2.2.4 Canvas Cover. The canvas cover
(Fig. 3—69) is provided with cight strap
keepers to hold the main strap and the two
side straps of the sling.

3—19.2.3 Cargo Bag (A-22). The A-22 cargobag
(Fig. 3—70) is an adjustable cotton duck
cloth and webbing container consisting of
sling assembly, cover, four suspension
webs, and skid. The A-22 container gen-
erally conforms to Military Specification
MIL-C-6346A and has a 2200-pound maxi-
mum load capacity. Except for the Con-
tainer Delivery System (CDS), the min-
imum load of the container is 700 pounds
for containers up to 52 x 54 inches and 820
pounds for containers of 52 inches laterally
and over 54 inches up to and including 65
inches longitudinally 44.'A-22 containers are
designed and constructed in accordance
with USAF Drawing 50B7702.

3-19.2.3.1 Sling Assembly. The sling assembly
(Fig. 3—70) consists of a network of web-
bing attached to a rectangular scuff pad.
The quick-fit strap fasteners secure the
lateral straps around the load. The D-rings
on the support webs provide points of
attachment for the four suspension webs.

3—19.2.3.2 Cover. The cover (Fig. 3—70) is
made from two rectangular panels of cotton
duck cloth sewed together at right angles.
The square formed by the intersection of
the panels equals the dimensions of the
scuff pad o the sling assembly. Sixteen
lacing loops on the outside of the panels
provide for the lacing cords which secure
the cover panels at the corners o the load.
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FIGURE 3-70. CARGO BAG (A-22)

3—19.2.3.3 SuspensionWebs. The four suspen-
sion webs (Fig. 3—70) are used to attach
the container and load to the parachute.

3—19.2.3.4 Skid. The skid (Fig. 3—70), which
serves as a base for the container load, is
fabricated locally from 1/2- or 3/4-inch
plywood. A 1/2-inch hole is drilled at cach
corner of the skid, 2-1/2 inches in diag-
onally from the corner. The size o the skid
may vary depending upon the dimensions
of the load, but it must not exceed 52- by
54-inchmeasurements?. The most economi-
cal skid for the cargo bag is 48 by 48
inches. Larger plywood bases with shock-
absorbing honeycomb are often used if an
airdrop is planned that will have a high
rate of descent caused by using a 15-foot
or 22-foot ring-slot parachute.

3—9.2.4 Steel Strapping. The steel strapping
commonly used for rigging airdrop loads is
made of flat steel 0.020-inch-thick, 5/8-
inch-wide, with a breaking strength of 1000
pounds. The steel strapping may be used
as a container, in combination with webbing
straps, or to bind items of equipment
together for packing in container loads.
When steel strapping is used as the con-
tainer, the load limitis 250 pounds and the
steel strapping is of double thickness.

3—19.25 High Speed Aerial Delivery Container
{(M4A). The M-4A container (Fig. 3—71) is
constructed o aluminum. The semicircular
logitudinal sections joined together with a
piano hinge and rod make up the cargo
compartment of the container. The cargo
compartment is closed at either end by
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TAIL CONE
(PARACHUTE COMPARIMENT)

NOSE CONE

FIGURE 3-71. HIGH SPEED AERIAL DELIVERY
CONTAINER (M-4A)

removable forward and rear plywood bulk-
heads that fit into slotted sections o angle
aluminum. A 34-foot ring-slot parachute is
packed into a recessed area adjacent to
the tail cone. Four removable aluminum
fins located at the rear of the container are
provided for stabilizing the container
during descent. Four carrying straps arc
also provided. Length of the container,
including nose and tail cone, is 109-3/4
inches and its total weight is 110 pounds.
The inside dimensions are 21 inches in
diameter and 61 inches in length. The nose
and tail cones, which are identical, have a
base diameter of 21 inches and a height of
20-5/8 inches. The M-4A container is pres-
ently authorized to be carried under the
wings of aircraft at speeds up to 550 knots
and can be released at speeds up to 300
knots. After the container is dropped, a
parachute is deployed that lowers the con-
tainer to the ground. Energy o impact is
absorbed by the crushing of the nose
coned'. Dynamic force-displacement and
energy-displacement curves of the nose
cone are presented in Figs. 3—72 and
3—73. The nose cone can absorb approxi-
mately 11,700 foot-pounds of energy before
bottoming (a maximum crush o approxi-
mately 18 inches). Paper honeycomb can
be placed inside the container as an addi-
tional energy absorber.

3—20 ENERGY DISSIPATION GROUP

In the process o air delivery, the item
to be airdropped is subjected to four differ-
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FIGURE 3-73. DYNAMIC ENERGY-DISPLACEMENT CURVE
OF M-4A NOSE CONE

ent loading environments o which ground
impact is the final and most severe. The
energy dissipating system is designed to
reduce the impact on ground contact to
within permissible limits through the use
of cushioning materials.

3-20.1 CUSHIONINGMATERIALS. In the selec-
tion of cushioning materials, the concern is
dissipation of energy during a single im-
pact. Recovery of deformation after loading
is not required and, in fact, is undesirable
since it produces rebound .after impact. The
stress-strain curve for a material reveals
much about its ability to carry a given
load, to deform under load, and to dissipate
energy. Figure 3—74 compares the stress-
strain curve o paper honeycomb with that
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FIGURE 3-74. STRESS-STRAIN CURVES FOR PAPER HONEYCOMB AND FELT SHOCK PAD

of previously used felt shock pad. The
materials described below have been
evaluated as energy dissipaters.

3—20.1.1 Paper Honeycomb. Rescarch at The
University of Texas has proven paper
honeycomb to be acceptable in &l respects
as an energy dissipater in the airdrop of
equipment??, Approximately constant
stress levels, with the exception of an initial
peak, may be expected up to 70-percent
strain under both dynamic and static con-
ditions (Fig. 3—/™). Under dynamic load-
ing, the stress and cnergy-absorption
values are considerably larger than those
for static loading. For practical cushion de-
sign, no appreciable difference in stress-
strain characteristics occurs with a varia-
tion of impact velocity from 30 feet per
second to 90 feet per second, and moisture
content of less than 10 to 12percent does

not modify the dynamic cushioning charac-
teristics appreciably. Paper honeycomb
conforming to class 3, style A, o Military
Specification MIL-H-9884A is the material
currently used in energy dissipating sys-
tems. This material crushes at an essen-
tially constant dynamic stress of 6300
pounds per square foot, £ 900 pounds per
square foot through zero to 70 percent
strain. It is available in thicknesses o 1/2,
1, 2, 3, and 4 inches, and in sheet sizes
o 36 by 48 inches, 36 by 96 inches, 48
by 48 inches, and 48 by 96 inches. A com-
mercially available paper honeycomb mate-
rial, designated as 80-0-1/2, expanded,
double-faced, 3-inch thick panel, is a func-
tional substitute of the military item.

3—20.1.2 Foamed Plastics. Many foamed plas-

tics have been tested to determine their
energy absorption characteristics23.24
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FIGURE 3-75. STRESS-STRAIN CURVES FOR PAPER HONEYCOMB WITH MINIMUM STRAIN VARIED

The dynamic stress-strain curve for a
polyurethane foamed plastic, using various
densities of foam, is shown in Fig. 3—76,
This plastic does not produce a pronounced
initial peak stress; however, it does begin
to bottom at approximately 50 percent
strain— as compared to 70 percent for
paper honeycomb —indicating a much
lower optimum strain. This would necessi-
tate using 'more material for dissipating a
given amount of energy. In general, al-
though foamed plastics exhibit an efficient
stress-strain curve and have the advantage
of being highly resistant to environmental
conditions, e¢xcessive cushioning costs —
due to the amount of material required and
the cost of production—limit their use as
an energy dissipater.

3-64

3-20.1.3 Metal Cylinders. The walls of a thin-
walled metal cylinder will buckle when sub-
jected to an axial compressive load, there-
by dissipating impact energy. Filling the
cylinder with fluid and providing holes for
the fluid to escape during compression will
aid in energy dissipation. Tests have indi-
cated metal cylinders to be feasible energy
dissipaters for special conditions, such as
a concentrated or point impact load 25,

3--20.1.4 Other Materials. Various additional
materials have been tested for use as
energy dissipaters?®. Some, such as alum-
inum honeycomb, are comparable to
foamed plastic in that they exhibit suitable
cushioning characteristics for gencral use
within certain limited areas. Others, such
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FIGURE 3-76. EFFECT OF DENSITY ON STRESS-STRAIN CURVES FOR POLYURETHANE FOAMED PLASTIC

as wood under lateral compression?,
proved suitable for special-purpose applica-
tion.

3—20.2 DESIGN CRITERIA OF DROPPED ITEM. The
requirement for airdrop capability must be
given consideration during the design
phase. MIL-STD-669A% lists detailed tech-
nical airdrop design criteria for use in the
development of military equipment having
an airdrop requirement. The design of an
energy dissipation system is affected in
many ways by the design of the item being
dropped. The ability of the item to with-
stand the stress of deceleration at impact
is a primary concern. Another design factor
to consider is the ability of the bottom area
af the item to conform to an energy dis-
sipation system (projections, nonrigid mem-

bers, etc). Also components attached by
nonrigid mounts, such as engines, com-
pressors, etc., must be considered.

3—20.3 ASSOCIATED EQUIPMENT

3—20.3.1 Load Spreaders. When dropping items
having an irregular bottom surface, it may
be necessary to use load spreaders to dis-
tribute the load over the entire dissipater
area. Also, when using small stacks of
paper honeycomb, load spreaders may be
used to distribute the force over several
stacks or, on vechicles, to distribute the
force along the stronger frame members
(Fig. 3—77). Load spreaders are usually
cut from 3/4-inch plywood. The load
spreader must be glued to the top layer of
paper honeycomb.
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FIGURE 3-77. LOAD SPREADERS USED IN VEHICLE
ENERGY DISSIPATING SYSTEM

3—20.3.2 Paper Honeycomb Expanders. Paper
honeycomb conforming to class 1 of Mili-

tary Specification MILH-9884A (unfaced,
unexpanded) must be expanded, and facing
paper applied, before it is ready for use.
Hand- and power-operated expanders are
available. A power-operated expander will
process unfaced, unexpanded pads of un-
trimmed paper honeycomb by expanding
it to a width of 36 inches and a height of 3
inches at the rate of 300 lineal feet, or
thirty-seven 8-foot pancls, per hour. The
expander will automatically apply facing
paper, coated on one side with heat-seal-
able polycthylene, to both sides of the ex-
panded paper honeycomb.
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SECTION IV
AIRDROP SYSTEM TECHNOLOGY

5-21 GENERAL

Opcrational requirements for airdrop
systems arc continually expanding, necces-
sitating a concurrent advancement of the
state-of-the-art in airdrop systems design.
It is the task of the designer, utilizing both
proven and theoretical design criteria, to
provide systems designs which appear
analytically to have the best chance o
attaining the necessary performance re-
quirements. However, airdrop systems per-
formance parameters arc subject to condi-
tions of application which, in the end, may
be so diverse that the determination of the
success with which the designs are carried
out usually becomes a matter for statistical
cvaluation over a considerable period of
time. Thus, when designs are completed
and the drag device and associated com-
ponents manufactured, tests must be con-
ducted to verify their performance and de-
sign characteristics. This section presents
the operational characteristics of standard
airdrop systems and the aerodynamic con-
siderations necessary to allow determina-
tion of parachute type and size. Ananalysis
of the airdrop operation is presented in
paragraphs 3—24 through 3—29. Airdrop
testing is presented in paragraph 3—30.

3-22 PARACHUTE AERODYNAMICS

Knowledge of the aerodynamic and
operational characteristics of parachutes
is one of the major prerequisites for the
design and performance prediction of
dependable airdrop systems. In sclecting
a particular parachute type to perform a
specific airdrop task, the characteristics of
the parachute itself must be known, sothat
its performance in combination with a pri-
mary load— as a system— can be pre-
dicted. At the present time, sufficient
knowledge is not available to provide
analytical approaches for the calculation
of all performance and operational charac-
teristics of parachute canopics; thus,
experimental data must be relied upon.

However, in some areas analytical ap-
proaches have been developed which will
yield reasonable approximations of the
characteristics of actual parachute per-
formance. These approaches arc presented
in DDC Document No. AD429971, Perform-
ance of and Design Criteriafor Deployable
Aerodynamic Decelerators '®. 1t must be
pointed out that thesc analytical ap-
proaches arec initial attempts in develop-
ing calculation methods, and that these
approaches arc subject to revision as new
knowledge becomes available. This knowl-
edge will then be utilized to either verify,
augment, or completely revise the method
of analysis. However, the results obtaina-
ble by the analytical methods presented in
Reference 18 are, in most cases, reason-
ably accurate and may be utilized for the
determination of textile parachute canopy
and airdrop systems performance and
operation.

3-23 CHARACTERISTICS OF STANDARD
AIRDROP SYSTEMS

3—23.1 STANDARD AIRDROP SYSTEMS LIMITA.
TIONS. The following limitations apply to
current standard airdrop systems.- Re-
search being conducted to extend airdrop
capability will cause frequent revision of
these limitations as new methods and
materials are developed.

a. The current standard airdrop sys-
tems are designed to function properly at
airdrop speeds up to 150 knots. Present
airdrop operations, however, are limited to
lower airdrop speeds, the highest being 130
knots.

b. A standard airdrop altitude of 1100
feet above the highest terrain on the drop
zone is presently being used. The advan-
tages of low-altitudeairdrop are prompting
the development of new systems for this
use.



ANCP 706-130

c. Airdrop with the current systems is
normally restricted to wind speeds below
16 knots.

d. The maximum rate of descent speci-
fied for current systems is 28.5 feet per
second. This rate of descent is based on
100°F at an altitude of 5000 feet. Some
items, such as ammunition, arc adaptable
to high-velocity container drops at 70 to 90
feet per second.

e. Heavy equipment drops can be made
with unit load weights of from 2500 to
35,000 pounds. Single- and multiple-plat-
form airdrops can be made up to the de-
sign limits of the aircraft.

3—23.2 EXTRACTION FITTING CRITERIA. Extrac-
tion provisions and related attachments
are provided for attachment of the extrac-
tion system. Standard vehicle pintles or
tow bar attachments may be used for this
purpose i they meet the requirements of
MIL-STD-814A° and if the airdropped item
has a gross rigged weight of less than
25,000 pounds. The opening in the extrac-
tion fitting must be a minimum o 1-1/ 16
inch in diameter, with the centerline at
least 1.375 inch from the airdrop item. The
dimensional requirements for extraction fit-
tings are shown in Fig. 3—78. The limit
load capacity of extraction fittings shall
be 1.5 times the gross rigged weight. The
yield strength shall be a minimum of 1.5
times the limit load. The ultimate load
capacity for extraction fittings used on a
rigged load weight of less than 25,000
pounds shall be a minimum o 1.65 times
the limit load. If the rigged load weight is
greater than 25,000 pounds, the ultimate
load capacity shall be a minimum o 1.75
times the limit load. These limits are deter-
mined with forces applied in the direction
shown in Fig. 3—7/9. Extraction provisions
are normally located on the longitudinal
centerline and below the center of gravity.

3—23.3 SUSPENSION FITTING CRITERIA. Suspecn-
sion fittings are provided for attachment
of the retardation system to an item. The
suspension fittings are limited to the
dimensions shown in Fig. 3—80% The cen-
terline of the holes will be either at right
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FIGURE 3-79. DIRECTION OF LOADING FOR EXTRACTION
FITTINGS

angle with the longitudinal centerline of the
dropped item, or, to minimize bending
loads, oriented to match the suspension
sling and clevis geometry. The limit load of
each suspension fitting shall be 1.5 times
the suspended weight. The yield strength
shall be 1.5 times the limit load. These
limits are determined with forces applied in
any direction. Four suspension fittings are
required for cach airdrop item. The fittings
should be located as far apart as practica-
ble. Wherever possible, they should be cen-
tered in a rectangular pattern about the
vertical axis through the center of gravity
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REQUIREMENTS

of the suspended load. Also, they should
be located above the horizontal plane pass-
ing through the center of gravity of the
load at a height such that interference be-
tween suspension slings and the item is
minimized. The use of spreader bars is not
authorized.
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3-24 LOAD PREPARATION PHASE
(GROUNDHANDLING PHASE)

3—24.1 SELECTION OF PARACHUTES

3—241.1 Extraction. The basic factor for
selecting the extraction parachute size
shall be the ratio o the extraction force
the parachute develops at the aircraft re-
lease velocity to the weight of the rigged
load to be airdropped. Loads to be ex-
tracted onthe skate wheel and buffer board
system shall be rigged with an extraction
parachute so as to experience a ratio o
extraction force to extraction weight which
is between 0.5 and 1.0. If the aircraft is
cquipped with a dual-rail system, the ratio
o extraction force to extracted weight for
unit weights up to 25,000 pounds should
be between 0.7 and 1.5 for the C-130 air-
craft and between 0.8 and 1.5for the C-141
aircraft. Firm criteria for extraction of unit
weights exceeding 25,000 pounds have not
yet been established; however, the maxi-
mum extraction ratio for structural design
purposcs may be taken as 1.5 times the
extracted weight. Drag forces produced by
standard extraction canopies for aircraft
release velocities o 100 to 150 knots are
shown in Table 3—/. It should be noted
that these are based on nominal drag
cocfficients at instantancous velocities and
sea level conditions. Designers may be
required to consider the effects of varia-
tion in drag coecfficient, parachute size,
extraction altitude, and influence of the

TABLE 3-7. DRAG FORCES PRODUCED BY STANDARD CARGO EXTRACTION CANOPIES '8

[ DRAG FORCE (Ib) —I
AIRCRAFT | RING-SLOT EXTRACTION PARACHUTES |
é‘,ff(féﬁ"g{ 15-FOOT REEFED TO:
(KNOTS) 10 FEET 12 FEET 15 FEET 22 FEET P 35 FEET
100 1420 1850 3200 6,100 10,500 17,800
105 1550 2200 3400 7,000 12,200 18,600
110 1690 2430 3800 8,200 13,300 20,800
120 2010 2900 4500 9,700 15,500 24,600
130 2430 3380 5400. 11,400 17,500 28,600
140 2720 350 6100 13,300 23,200 33,700
150 3140 4520 7050 15,200 26,200 38,600
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wake behind different aircraft types. The
extraction parachute size and type to be

used for standard extraction systems are
listed in Table 3—4.

3—241.2 Recovery. Recovery parachutes are
sclected to provide the desired rate of
descent for the load being dropped. Design
rates o descent for various recovery para-
chutes are discussed in par. 3—28.

3—24.2 DETERMINATION OF RECOVERY PARA-
CHUTE RISER LENGTHS. When recovery para-
chutes are used <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>